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THE THIRTY-FOURTH ANNUAL MEETING, 1928 


which the Society took a leading role in so far as it affected heating and ven- 
tilation and this fact was strongly emphasized at the 34th Annual Meeting 
held in New York, January 23-26, 1928. Every paper and report brought out the 
results of investigation in the laboratory or in the field and the evidence gathered 
indicated the need of more effective cooperation with allied organizations in re- 
search activities, an idea sponsored by the Society during the past year. 
Seven sessions were held at this Annual Meeting and a registration of 497 mem- 
bers and guests was recorded. 
The Report of the Tellers, given by Chairman J. A. Donnelly, indicated the elec- 
tion of the following: 


Ti year 1927 produced a great deal of activity in engineering research in 
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The Committee on Increase of Membership reported the status of the Society 
membership as 1988 members on the roll. 


The Report of the Council follows: 


Report of Council 


OMMENCING 1927, the members of the Council were elected in accordance with 
the terms of the Constitution providing that four men serve for three years, four 
men serve for two years and four men serve for one year, so that with the four elected 

officers and the last retiring past-president the Society is now governed by a group of 
seventeen men. 

The new Council organized on January 28, 1927 in St. Louis, Mo., appointed its 
Executive, Finance, Membership and Publication Committees for the year. 

The Bankers Trust Co. and the Bank of America were selected as depositories 
for Society funds and the Finance Committee was requested to prepare a budget. 

A. V. Hutchinson was appointed Secretary and Manager of Publications for the 
year 1927 and W. H. Driscoll was selected as Chairman of a Survey Committee to con- 
sider matters relating to the Society’s progress and welfare. Various invitations for 
Society Meetings were considered and White Sulphur Springs, W. Va. was chosen 
rd the summer meeting 1927, and New York City was designated as the meeting place 
‘or 1928. 

At the March meeting of the Council, the budget for 1927 was adopted and regu- 
lations governing the selection of the Nominating Committee were adopted. Walter 
Ford was appointed to solicit advertising for the Society’s publications, and Perry 
West started his work as editor-in-chief of Taz Gumne. 

The plan of permitting Chapters to offer a limited membership for the purpose 
of interesting men in Society activities was provided to cover the period until December 
31, 1928. Several Chapters which have tried this plan have found it very effective and 
requested its continuation. 

A booklet on members was prepared by a Society member, Esten Bolling, to assist 
the work of the increase of membership and this has been effective in getting a great 
many prospective members. 

In accordance with the Constitution, the Council nominated five men as members 
of the Committee on Research 1928, and also during the year made a number of special 
appointments, among which were the following: E. S. Hallett, was designated to address 
the Superintendents Division of the National Education Association at Dallas, Texas; 
Messrs. Nusbaum and Lyle, appointed to serve as the Society’s representatives on the 
Sectional Committee of the Refrigeration Safety Code Committee; R. P. Bolton and 
W. S. Timmis were appointed to serve on the Advisory Committee of the Paes working 
for the establishment of a museum of the peaceful arts; H. P. Gant, M. C. W. Tom- 
linson and A. V. Hutchinson were designated to draft regulations governing the prepar- 
ation and presentation of meeting papers; Thomas Dugan was appointed to serve 
on the Committee revising the Standards for Pipe Threads; Thornton Lewis was ap- 
pointed to investigate the possibility of having a heating and ventilating exposition; 
O. N. Walther representing the Society on the Garage Committee of the National 
Fire Protection Association. 

West Baden Springs, West Baden, Ind. was selected as the summer meeting place 
for 1928, the dates to be June 26 to 29. The Council authorized the investment of 
additional Society funds in securities and these are referred to in the Report of the 
Finance Committee. 

Consideration was given to a change in the size of Society publications but after 
a thorough investigation, cS a ae eee ea o 
books or magazines issued by the Society. 

At the request of Prof. E. O. Eastwood, activities were started on the Pacific coast 
for an active chapter to be known as the Pacific Northwest Chapter. 

During the year, the Council accepted the resignations of 40 members and 133 
were dropped for non-payment of dues. 
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Of the nine Council Meetings held during the year four were in New York and the 
remainder were held in Pittsburgh, White Sulphur Springs, West Baden, Philadelphia 


and St. Louis. 
Respectfully Submitted. 
F. Paut ANDERSON, Chairman. 


Report of the Finance Committee 


President Anderson introduced Thornton Lewis, chairman of the Finance Com- 
mittee who presented slides showing balance sheets for the Society’s Research 
Funds, budget comparisons, and gave a statement of the important items which 
gave a complete statement of the excellent financial condition of the Society. 


Report of Certified Public Accountant 
January 12, 1928. 


AMERICAN SOCIETY OF HEATING AND VENTILATING ENGINEERS 
29 West 39TH STREET 
New York City 


Gentlemen: 


I have made an examination of the books of account and records of the AMERICAN 
Society oF HEATING AND VENTILATING ENGINEERS, New York City, for the year 
ended December 31, 1927 and submit herewith the following exhibits, schedules and 
comments: 


EXHIBIT 


“A” BavLance Saget—DecemsBeEr 31, 1927 
edule 
No. 1—Marketable Securities 


‘BY SraTement or INCOME AND EXPENSES OF THE SOCIETY—FOR THE YEAR ENDED 
DeceMBeEr 31, 1927 
Schedule 
No. 4—Salaries 


“C” STATEMENT OF INCOME AND EXPENSES OF THE PUBLICATIONS—FOR THE YEAR ENDED 
DecemBer 31, 192 
Schedule 
No. 2—Cost of JourNnaL 
No. 3—Cost of Gutpgz 
No. 4—Salaries 


“D” Comparison oF Bupcet—Society ACTIVITIES 


“E” CoMPAaRISON OF BuDGET—PUBLICATIONS 


CASH 
The Cash on Deposit was verified by direct communication with the following 


depositories and reconcilement of the amounts reported to me with the balances shown 
on the books of the Society: 
GENgRAL Funp 
ee, Se FP ee ee $8580.50 
IS cd scuoanchaudeneuuecoupatanas 2291.30 $10,871.80 


RESEARCH FuND 
| ee gaa a ea Oe eT FT er ee 9,739.93 


Tota, CasH on Deposit $20,611.73 








‘ 





STATEMENT OF SOCIETY’S FINANCES FOR YEAR 1927 
BUDGET COMPARISON—SOCIETY ACTIVITIES 

AMERICAN SOCIETY OF HEATING AND VENTILATING ENGINEERS 
For the Year Ended December 31, 1927 
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Actual Budget Increases ° 
1927 Provision Decreases* 
INCOME 
Dues—1927 $24,228 .07 $25,000.00 768.93 * 
Initiation Fees 2,465.15 3,200.00 734.85* 
Sales of Emblems 122.50 200.00 77.50* 
Interest Earned 1,347.54 1,347. 54° 
Profit from Sale of Securities 161.70 161.70° 
TOTALS $28,324 . 96 $28,400.00 $ 72.04* 
EXPENSES 
Salary—-Secretary $2,500.00 $2,500 .00 
Salary—Clerical 4,372.51 6,000.00 $1,627 .49* 
Rent—Room 602 1,000 .00 1,000.00 
Professional Services 360.00 300.00 60.00° 
Postage 1,153.94 1,500.00 346.06* 
General Printing 853 . 52 1,250.00 396 .48* 
Yearbook 743.43 850.00 108. 57* 
Cost of Emblems 52.33 150.00 97 .67* 
Traveling—President 1,500.00 1,500.00A 
Traveling—Secretary 953 . 23 1,000.00 46.77* 
Meetings 3,018.02 2,500.00 518.02° 
APPORTIONABLE EXPENSES—60% 
Rent—Room 603 1,236.20 1,260.00 23 .60* 
Office Expense 1,180.76 1,300.00 119.24* 
Office Supplies 364.07 600.00 235.93 * 
Allowance for Depreciation of Fixtures 243.37 300.00 56.63 * 
Exhibit— Power Show 83.65 150.00 66.35* 
$2.00 per Member for Journal 3,908.00 3,800.00 108 .00° 
$1.00 per Member for Transactions 1,954.00 1,900.00 54.00° 
$25,477 .03 $27,860.00 $2,382.97 * 
REALIZATION OF PrioR YEAR’S Dugs $4,006.15 $6,520 . 66 $2,514.51* 
SPECIAL APPROPRIATIONS 
Chapter Expense Allowance $1,000.00 $1,000.00 
Boiler Code 628.62 628.62 
Code of Minimum Requirements 1,000.00 2,000.00 $1,000.00° 
Publicity Expenses 618.39 618.39* 
Rochester Committee Expenses 94.90 94.90* 


Norse “A.” President’s traveling allowance originally budgeted at $1,000.00 was 
increased to $1,500.00 at the November 7, 1927, Council Meeting. 





Exhibit “D” 
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BUDGET COMPARISON—PUBLICATIONS 
AMERICAN SOCIETY OF HEATING AND VENTILATING ENGINEERS 
For the Year Ended December 31, 1927 








INCOME 
Budget 
Actual Actual Provision Increases ° 
1926 1927 1927 Decreases* 
JOURNALS 
Advertising $18,835.25 $20,190.28 $20,000.00 $190. 28° 
Sales of Journals 1,201.60 999.63 1,200.00 200. 37* 
$2.00 per Member from 
Annual Dues 3,928.00 3,908.00 3,800.00 108.00° 
23,964.85 25,097.91 25,000.00 97.91° 
‘TRANSACTIONS 
$1.00 per Member from 
Annual Dues 1,964.00 1,954.00 1,900.00 54.00° 
Sale of Transactions 1,148.90 672.50 1,200.00 527 .50* 
3,112.90 2,626.50 3,100.00 473 .50* 
GuIDE 
Advertising 21,120.43 27,460.22 29,000.00 1,539.78* 
Sale of Guides 3,891.30 3,997 .49 4,500.00 502.51* 
Sale of Reprints and Books 1,068.16 1,171.80 1,200.00 28. 20* 





26,079.89 32,629.51 34,700.00 2,070.49* 


$53,157.64 $60,353.92 $62,800.00 $2,446 .08* 





Costs AND EXPENSES 


Cost oF PUBLICATIONS 


Journal $11,891.06 $12,689.70 $12,500.00 $ 189.70° 
Guide 14,385.18 14,643.99 16,500.00 1,856 .01* 
Transactions 2,989.48 2,442.03 2,500.00 57 .97* 
Reprints 796.55 1,200.00 403 .45* 
29,265.72 30,572.27 32,700.00 2,127 .73* 
EXPENSES 
Salary—A. V. Hutchinson 2,508 . 36 2,500.00 2,500.00 
Salary—Clerical 5,057.00 3,511.00 5,000.00 1,489 .00° 
Professional Services 300.00 240.00 300.00 60.00° 
Traveling—A. V. Hutchinson 1,029.57 749.91 500.00 249.91* 
Postage 306.38 354.58 400.00 45.42° 
APPORTIONABLE ExPENSES—40% 
Rent—Room 603 864.00 864.00 840.00 24.00° 
Office Expense 534.01 726.93 800.00 73.07* 
Office Supplies 427 .70 243.15 400.00 156.85* 
Allowance for Depreciation 
of Fixtures 146.65 162.25 200. 00 37.75* 
Salary—Perry West 3,000.00 3,000.00 
Salary—Solicitor 3,000.00 3,000 .00 
Traveling—Solicitor 1,150.54 ~—1,500.00 349 .46* 





11,173.67 16,502.36 18,440.00 1,937 .64* 
TOTALS $40,439.39 $47,074.63 $51,140.00 $4,065.37* 








Exhibit “E” 
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MARKETABLE SECURITIES 

The Securities kept with the Bankers Trust Company for safe-keeping were verified 
by direct communication. Market value of these securities exceeded the cost of ac- 
quisition by $40.58. Sales of Securities during the current year yielded a net profit 
thereon of $161.70 and Earned Interest amounting to $1130.02. 


ACCOUNTS RECEIVABLE 
Dues Receivable from Members were verified by trial balance and aging of the in- 
dividual membership cards. ‘The summary by years of the unpaid dues is shown below: 








1927 Unpai $ 9,398.37 
1926 Unpai 3,062 . 26 
1925 Unpaid Du 245. 
1924 Unpai 50.00 
DORAs, WHA THUMB. 600 csc csccccccce ce 12,755.63 
Luss: Prepaid Dues..............-2-00. 252.05 
Duws RECEIVABLE........-...000005 $12,503.58 





After discussing the Dues Receivable with your Secretary, the Reserve reflected by 
the books of the Society for Dues doubtful of Collection was increased to $6500.00, which 
in my opinion provides against future contingencies. All other Accounts Receivable 
were determined and verified in the same manner as the Dues. A Reserve of $1000.00 
to cover the probable loss in the realization of these accounts was also provided. 


INVENTORIES 


An Inventory of TRANsAcTIONS taken as at December 31, 1927 may be summarized 
as follows: 


Year Volume Quantity Price Amount 
1921 27 220 1.00 $ 220.00 
1922 28 168 1.18?/, 198.92 
1923 29 138 1.97!/2 272.55 
1924 30 267 1.381/4 369.13 
1925 31 301 0.95'/ 336.11 
1926 32 165 1.264/s 209.22 

Torta. $1605.93 





Consistently with prior practice, number 26 Transactions volumes for the year 1920 
have been written off as inactive. A Reserve in the amount of $2500.00 has been es- 
timated to cover the cost of production of volume No. 33 for the year 1927. 

All other Inventories were determined either by actual count or computation. 


DEFERRED CHARGES 


An Analysis was made of the Expenditures for the purpose of allocating same to the 
proper years. Items such as Journal Wrappers and Drawings, Printing and Stationery, 
etc., applicable to 1928 operations have been included on the attached Balance Sheet as 
deferred charges to future operations. 


ACCOUNTS PAYABLE 


There remained unpaid as at the close of 1927 the sum of $1233.80 to Horn-Shafer 
Co. covering the cost of mailing the GuipEs which I have set up on the books as a cur- 
rent operation. 


DUE RESEARCH LABORATORY 


An amount equivalent to forty (40%) per cent of the dues charged to senior and 
associate members has been set aside for the Research Laboratory in accordance with 
Section 5, Article 3 of the By-Laws. ‘The balance due the Research Laboratory as at 
December 31, 1927 for Dues was $4784.83. There is also due it the sum of $4022.55 
for that portion of the Gurpg profit of the year 1927 which was computed as follows: 





Witaa 








WIAA 


Tue Tuirty-Fourta ANNUAL Mzerixe 7 











EE Py een pee eee yey tee $31,457.71 
Ge I, 0d o's oo can sioceeatese chs Bins ak thee disiag deaivnti 21,794.53 
IE, o Sic Se SORES CGT Se ao as 504 $9663.18 
OVERHEAD EXPENSES 
Charged to Gumpe Calender Year 1926................ $ 2,854.85 
Luss: One-half of reduction of 1927 expenses under 1926. 909.92 1944.93 
7718.25 
Depuct: Chapter Meeting Expenses. . bed es Rte 1000.00 
Depuct: Bonus to Publication Managuset and Em- 
Ps sis<s6i0.c6Wis rte taretee epee <54< > 2695.70 
Net Profit rrom THE GUIDE FOR RESEARCH LABORATORY. . $4022.55 





ACCRUED ACCOUNTS 

Bonus to the Management of Publications and Office Employees has been provided 
in accordance with resolutions passed by Council during the current year so as to reflect 
the additional compensation in the 1927 operations. 


GENERAL FUND 
An Analysis of the General Fund showing the changes that have occurred in this 
account during the year ended December 31, 1927 is subjoined. 


General FunpD—D&scEMBER 31, 1926—PpnR FoRMER REPORT...... $31,683.53 
App: Profit from Publications—Vear ended December 21, 1927..... $4608.99 
Less: Loss for the above periods on Society Operations............. 493.98 4,115.01 


GENERAL Funp—Dgcemper 31, 1927—peR BALANCE SHEET........ $35,798 . 54 


Respectfully submitted, 
Frank G. Tusa, 
Certified Public Accountant. 








Report of the Guide Publication Committee 


OUR Guide Publication Committee begs to report as follows: 
THE GuipE, 1928 appears in an entirely new “dress.” It has enjoyed a very 
enthusiastic reception, which we trust will be as gratifying to you as to the 
Committee. 

Many changes have been made in the data contained in this volume, which con- 
sists of 369 pages of technical information, 312 pages of catalog material and 56 pages 
in the membership section. The present volume contains about 100 pages more than 
the 1927 edition. About two-thirds of this increase is represented in the Technical 
Data Section and about one-third in the Catalog Data Section. 

The organization of the work this year under a general Chairman and two Vice- 
Chairmen, acting as an executive Committee in close cooperation with the home office, 
with three Section Chairmen in charge of the heating, the ventilating and the catalog 
data sections respectively, has proven very effective. 

The heating section was under W. H. Driscoll, the ventilating section under Samuel 
R. Lewis and the catalog data section under J. E. Bolling. These Chairmen selected 
their own active Committees and the results bear splendid testimony to their wise 
selections and to the invaluable services rendered by those selected 

These men with the assistance of a great many members of the Society produced 
the book as it has been delivered to you. 

Special credit must be accorded the Society’s Secretary and the home office staff 
working under his direction for keeping all of the Committees in active operation, han- 
dling all of the routine work, jealously guarding the high standards of the material used, 
securing the talent for special purposes, handling the physical production and so success- 
fully holding and increasing the support of our advertisers. 








8 TRANSACTIONS AMERICAN Society OF HEATING AND VENTILATING ENGINEERS 


Attention is also directed to the loyal support given by our Research Laboratory 
under its Chairman S. R. Lewis and Director F. C. Houghten, who furnished not only 
much research data but many of the computations. needed for transforming this into 
GUuIDE material. 

Particular mention should be made of the important work done under the direction 
of Prof. A. C. Willard on the Heat Transmission data in Chapter I, and of the impor- 
tant work done on Pipe Sizes for Steam Heating Systems in Chapter III, which work 
resulted from the cooperative efforts of the Society’s Technical Advisory Committee 
on Pipe Sizes under H. M. Hart, the Standardization Committee of the Heating and 
Piping Contractors National Association under R. S. Franklin and the Pipe Size Com- 
mittee appointed by The Guide Publication Committee under C. V. Haynes. 

Practically every Chapter in Tue Gurpe was considerably revised and much new 
data were added both in the heating and in the ventilation sections. Further revisions 
are essential and it is hoped that much more progress will be made in 1928 than has 
been made during the past year. 

As planned by the Council the work on the 1929 edition will be done under the 
direction of a technical director who will coordinate all data and present such data at a 
definite time for publication, thereby overcoming one of the difficulties experienced 
pd — a making the date of publication earlier than was possible in the case of the 
1 : 


Statistics 
The appended statistical report gives some interesting comparisons of the operations 
this year as contrasted with the previous year. 











Income: 1927 1928 
EE Oe a pe Be Fin > to ie eS OE $21,120.43 $27,460.22 
a ee us elk wea bch 3,891.30 3,997.49 

$25,011.73 $31,457.71 

Expense: 

i he i i adn as ad eh tang 6wdin Pea ee 7,186.10 9,482.35 
— Guemedion, ON OEE SN OES 1,832.70 2,505.77 
Moning etn d oes bce eas edb daid ctchabecwed ved 14. 4deeesinke dant-< 783. 1,763.71 
LOIRE LLL SE ay ee en Pe 1,601.73 1, 
Regering SE Cet IG, Mise. «ic 0.80) cn ciianweenesen 24. 645.70 
tt dti teh eek anene che sek + cbs t<46 poe end Oe 62.87 189.19 
Specht ene ome ag eg LO eee te ae Te pe 
a BLS i takwre nish <dade ob FBS 9 8 b< mien s ia wERs ,035. 
we Si ad ciency ven’ db oes. ckG dee oe whe edi sleet an 3,000.00 
EE Ee ere Pea ane pene See) ane 1,728.00 
stat wees tok d ph albe etd aah odtbi adn teodneweds 662,71 





$13,826.80 $21,794.53 
Distribution: 
8300 Copies of Tue Gutpg, 1928 were published of which 7000 were bound and the remainder 
are held in reserve. Distribution up to December 31, was as follows: 














Members American Institute of Architects. . aid biedvacn +tae's eae 2542 2615 
i + oc ott babeReneabiesacteeess iooe dic 65s 1962 1954 
Members Heating and Piping Contractors Natl. Association....... 700 
GEE SIE CDS 0.6 0.60 0 tc cna bu cee'e ogrmee evicbadare ves 240 260 
 hetutldaiianstnccps oss svete estinnadcapenebene ceness 800 600 
6244 6111 
Size: 
NNN, OES as 6 BSUS. kb oS SU Rebels Sale O eae ceed 284 312 
ad os is abcde cil eakbaknseaherenventhemenel 304 368 
588 680 
Copies Printed: 
P Ne copies RO eee a are oe Cds ee re ot oe Pe 8025 8300 
mend eee DaSekFiCed als be Kceds Beals Bs Whedee hy VER WER OS 7500 7000 
ls alle ae I a elit, Sips ah tlie AR eae Bey Be 1.79 yo 
Income from Advertisement per copy..............-seeeeeeeeeee 2.73 475 





Wiiaa 
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While a more advantageous printing contract was made, as is shown by our com- 
parative detailed figures, the cost of composition increased materially because of the 
fact that so many changes were made from the former Guipk. Changes in binding and 
a greater number of books also made an increase in cost. You will note that a charge 
for binding and mailing last year’s Gu1pE is also included. The corrections and changes 
were materially higher, particularly because of the work that had to be done on the 
Pipe Size Section which included a great deal of resetting. If this can be avoided profits 
in the future will be better. Even though 100 additional pages were added the cost 
for printing would have been very close to that of last year except for the large number 
of changes and corrections that were found to be necessary and the overtime that had 
to be paid for in producing the book. 

Because of the fact that additional expense was incurred for editorial work and the 
addition of salary and expense for an advertising solicitor it can be seen that the actual 
production cost of Tae Gurpe this year as compared with last is very close. However, 
because of the additional income resulting from the intensive promotion and solici- 
tation campaign the income was increased to such an extent that the gross profit of 
THe GumeE was only slightly under the amount obtained in 1927. 


Briefly the cost per copy increased eighty-four (.84) cents while the income per 
copy increased seventy-five (.75) cents. The gross profit was approximately ten thou- 
sand ($10,000.00) dollars as against eleven thousand ($11,000.00) dollars last year. 


It is expected, however, that results in this year’s work will bring greater dividends 
for the next edition and that a substantial increase in profit will be shown for the coming 
year. 


Recommendations 


With the feeling that it will be your desire to make use of past experiences, the 
Committee has the following recommendations to suggest: 


1. That the fundamental principles upon which THe GuipE was founded and 
which have been so largely responsible for what ever measure of success it may have 
attained, 7. e., that the text section contain all of the latest and best data on Heating 
and Ventilating in readily usable form, entirely free from bias or propaganda and that 
the Catalog Section contain useful technical cuts, explanations and data, free from 
unnecessary selling talk or odious comparisons, be adhered to as strictly in the future 
as in the past. We simply wish to set this up once more as the bed rock upon which 
this undertaking rests. 


2. However good the reaction to the present edition may be we must advise you 
that = is much room for enlargement, corrections and refinements. The following 
are a few specific items and others will be added as occasion requires. 


(a) The Society’s Standards and Codes should be added at least by title with brief synopses and 
references as to where complete data can be found. 
_ (0) The Heating by radiation section should include data on different kinds of radiators. This 
requires more research work by our tory. 
(c) Steam heating return pipe sizes should be studied and revised. This requires more research 
work by our Laboratory or from other sources. 
e section on hot water heating and piping system should be made more practical. 
¢) The section on steam and hot water boilers should be enlarged. 
The te heating and air conditioning section needs enlargement. 
) Ventilation standards need yoaaay tee and modernizing. Data on summer time require- 
ments should be added This b Laboratory. 
‘ (h) A chapter should be . added on a kitchen, Seely a and hospital equipment and piping systems 
‘or same. 
% 4 A chapter should be added on Central Heating. 
raced should be added on heat transmission data and piping systems for water heaters, 





oil heaters, etc. 
k) A chapter should be added on whee 9 

Data meee be age - the  odniien of fans ventilation, drying, exhaust systems, collect- 
ing systems, 


mechani 
(m) Data ahonid be added ‘on fan furnace warm air heating. 
3. It is the opinion of your Committee that the foundation which has been so 
well laid and builded upon by many of the same authors from year to year is now well 


established so that the present requirements are more along the lines of such enlarge- 
ments and additions as would best come from the editing and compiling of the experi- 
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ences and data from a greater number and variety of our members and others engaged 
in the field. 


It is our recommendation, therefore, that the active Committee for the compila- 
tion of the 1929 edition be selected largely from among those who have not as yet been 
given an opportunity to give of-their experience and data and that a Consulting Com- 
mittee or Board be organized, composed largely of those who have served in the past, 
and perhaps some of the leading captains of our industries, for viseing and checking 
the work of this Active Committee. 


It is also recommended that the work be divided into smaller units so that no one 
member of the Active Committee will have more work than he can rightly cover. Also 
that the geographical and chapter distribution of the Committee members be made as 
uniform as possible, consistent with the available talent, so as to cover the variations 
of data and practices throughout the country and among the various chapters. 


This we feel will work out to a better advantage this year, especially since more 
time will be available for editing and coordinating this data. 


It is recommended that the idea of a small executive committee for cooperation 
with the home office organization be retained, and that the Chairman of the Research 
Laboratory be included as a member of this Committee. Also that the idea of sectional 
Chairmen be retained. 


4. It is recommended that close attention be given to the coordination of the work 
of the various Committees of our Society and of the Committees and organizations 
of Allied bodies with the work of THe GurpE. 


In the present edition we were fortunate in cooperating for the first time with the 
Heating and Piping Contractors’ National Association on Steam Heating Pipe Sizes and 
with the Industrial Unit Heater Association on Heating with Air, but this kind of coopera- 
tion should be extended to such organizations as: The Boiler and Radiator Manufac- 
turers, the Fan Manufacturers, the Unit Heater Manufacturers Association, the Insula- 
tion Manufacturers, the Weatherstrip Manufacturers, the Heating Systems Manufac- 
turers, the Hot Water Heating System Manufacturers, the Laundry, Kitchen and 
Hospital Equipment Manufacturers, Pump Manufacturers, the Warm Air Furnace 
Manufacturers, the American Gas Association, the Pipe Manufacturers, the U. S. Bureau 
of Standards, the National Trade Extension Bureau, the American Engineering Standards 
Committee, the U. S. Commission for the Prevention of Waste and the New York State 
Commission on Ventilation. 

5. That an intensive drive be made to get all of the manufacturers to include 
sufficient data to eliminate the necessity of a user of THe GuipE wasting time and pa- 
tience over a lot of heterogeneous pamphlets and catalogs and so as to make THE 
GupE so complete as a catalog reference for architects, engineers and contractors 
that it will be unnecessary for them to bother with a general catalog file except for 
comparatively few of the isolated details of the products to be included in the design 
and specifications of heating and ventilating equipment. 

6. That a cooperative movement be undertaken to have the manufacturers in 
this field standardize on the page size used in Tue Gurpe for their catalogs so as to 
make this material interchangeable for use in both and so as to have as much catalog 
data as possible issued in the same size pamphlets for more ease and convenience in 
filing and handling. 


Respectfully Submitted, 


Perry West, Chairman 

W. H. Carrier, Vice Chairman 

C. V. Haynes, Vice-Chairman 

W. H. Driscou., Chairman, Heating Section 

S. R. Lewis, Chairman, Ventilation Section 

J. E. Bowne, Chairman, Catalog Data Section 
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Report of Publication Committee 


The Publication Committee has presented to the Society this year 12 issues of 
THE JOURNAL, THE TRANSACTIONS, 1926 and has cooperated with the Guide Publica- 
tion Committee in the production of THe Guipe, 1928. 

For THE JOURNAL a great many manuscripts have been reviewed and it has been 
found that there is a great necessity for definite regulations regarding the preparation 
of paper for presentation to the members of the Society. It has been necessary to have 
many meeting papers rewritten and it is hoped that the definite regulations being 
prepared by a Special Committee will make this unnecessary in the future. 


There is a noticeable tendency, however, on the part of many authors to inject 
propaganda of a commercial nature or favorable to a specific product into the papers 
that are offered for publication which is unfortunate for it is our aim to maintain a 
high grade of excellence for Society presentations. These points are merely brought 
out for the information of future publication committee members so that they may see 
clearly some of the problems that may confront them when they serve in this particular 
branch of the work. 

Much excellent information has come through the Research Laboratory and already 
the cooperative research arrangements with Universities is bearing fruit in the form of 
good papers. The policy of the Committee this year has been to present results of study 
and a wide variety of subjects and divide the presentations equally on subjects that are 
of interest to heating and ventilating engineers. 

It is gratifying to know that the financial showing of the Publication Department 
is very satisfactory and a few comparisons may be of interest. 


1927 1926 
Number of issues—12 
Number of copies 31825 31700 
Cost per copy 34c 37c 
Income from Advertising per copy 64!/sc 62c 
Editorial Section 762 940 
Advertising Section 596 550 


Total income from THE JouRNAL amounts to $25,097.91, and the cost of printing 
is $12,689.70. 

Tue TRANSACTIONS, Vol. No. 32 for 1926 was issued during the year and was 
distributed to the membership. The income from TRANSACTIONS was $2626.50 and 
the cost was $2442.03. 

Tue Guipe, 1928, has already been distributed to 6111 people up to December 31 
and 8300 copies were printed. A demand for this volume is exceedingly active and it 
may be necessary to make reprints in excess of the original number printed. 


Tue GuIpE 
1928 1926-27 
Books printed 8300 8035 
Pages 749 644 
Cost per copy $2.62 $1.79 
Income—Advertising 3.47 2.73 


Considering the total business done by the publications during 1927 the income 
from all sources amounted to $60,353.92. The publication and administrative expense 
amounted to $47,074.63. 

The net profit reported by the accountant amounted to $8631.54 which is about 
$1500 greater than for the previous year. 

Respectfully submitted, 
F. B. Row1&y, Chairman. 


Report of the Committee to Cooperate with the Rochester Board of 
Education on School Ventilation Tests 
O PROGRESS has been made on the arrangements for these tests since last 
March, almost a year ago, but this Committee has very carefully refrained 
from making a final report, or any statement, for fear that such might interfere 
with the success of the undertaking. 
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It would seem, however, that the time has now arrived to present some of the 
pertinent facts, so as to clarify the atmosphere, which may have become considerably 
befogged by the various statements which have been given out from other sources from 
time to time, and so as to review these facts while they are fresh enough in our minds to. 
be of some benefit towards the better guidance of such undertakings in the future. 

It is our opinion in this connection, that if all of the principal facts leading up to 
and associated with this undertaking are studied by those who are interested in having 
the real truth about schoolhouse ventilation established, a great deal of good will be 
derived from this attempt of the Rochester Committee to solve this very important 
problem. 

We shall only attempt in this report, therefore, to summarize the causes and ef- 
fects which have led to the present status of this undertaking and to endeavor to point 
out how some of the resulting difficulties may be avoided in the future. 

The idea of these tests was inaugurated under the auspices of the Tuberculosis and 
Health Association of Rochester and Monroe County, Rochester, N. Y., through their 
Indoor Fresh Air Committee. 

The original purpose of this Association and its Committees was to have the 
Board of Education inaugurate open window ventilation so as to prove that this form 
of ventilation, as outlined by the report of the New York State Commission on Ventila- 
tion, was the proper one for schoolhouse use. 

Early in their activities they were confronted with questions from various citizens 
of Rochester as to this being the wisest course to pursue and were finally persuaded to 
try out other systems of ventilation and to enlist the cooperation of a Citizens Com- 
mittee, a Committee of the local physicians and health officials, a Committee from the 
American Public Health Association and this Committee from the AMERICAN SOCIETY 
OF HEATING AND VENTILATING ENGINEERS. 

Dr. George T. Palmer who was connected with the New York State Ventilation 
Commission and who has since specialized on school ventilation studies was employed 
to consult upon and supervise the making of these tests. He has remained on the 
job throughout the endeavors to get these tests started 

After many meetings and conferences it was finally decided that tests extending 
over a period of at least two years should be conducted on one school with window 
or uncontrolled ventilation and on another school with mechanical or controlled ven- 
tilation for the purpose of deciding which of these two kinds of ventilation is better for 
the health and comfort of school children. 


Recommendations were received and approved from our Committee and from the 
American Public Health Association’s Committee for the physical modifications in the 
two schools to be tested. 


The primary and ultimate object sought, as a result of these tests, 7. ¢., to further the 
determination of the kind of schoolhouse ventilation which is most conducive to the 
health and comfort of school children, was agreed to by all parties concerned. 


All parties concerned except the Department of the Board of Education in charge 
of buildings, certain members of the Citizens Committee and our Committee apparently 
held to the idea that the records of sickness and absence due to respiratory diseases of 
the pupils should be the sole basis for the interpretation of the results, while these other 
parties concerned believe that the health and comfort of the pupils as affected by the 
quality of the ventilation should be the basis. 


Those who favored the sickness and Leamnes record basis were in favor of proceed- 
ing without any definite basis for interpretation, but all such arrangements finally came 
to a halt due to the fact that the Board of Education refused absolutely to spend any 
money on these tests unless a definite basis for the interpretation of the results was 
set up and agreed to by all parties concerned before the physical work was started. 

Eventually all arrangements were made and a complete set up for the tests agreed 
to, with the exception of some of the minor items of the relative weights of some of the 
factors to be used in the method of interpreting the results. 


We understood that this plan was to have been submitted to the Board of Educa- 
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tion and to have been proceeded with after satisfactory adjustment of the slight differ- 
ences then existing, but for some reason th.s was never put into effect. 

Later, it was proposed to set up two standards of interpretation, one based on the 
records of illness and absence due to respiratory diseases and the other based on the 
physical quality of the indoor atmosphere as compared with a modification of our 
Laboratory standards for ventilation perfection, without any definite relationship be- 
tween the two, so far as the final interpretation of the results was concerned. 

We advised against this dual basis but were willing to consider it provided the 
proper methods were set up for both the physiological and the physical data observa- 
tions. 

This plan was finally rejected by the Board of Education for the reason that the 
modified standards as agreed to by us for the evaluation of the physical quality of the 
ventilation would not be agreed to by some of the other parties concerned, who insisted 
upon not only setting up the standards for the physiological determinations but also for 
the physical determinations, and the Board was unwilling to proceed without better 
agreement between all parties concerned. 

Failing in all of this, we suggested to those in charge that the Board of Education 
be given all of the data and suggestions from the various sources, with the recommenda- 
tion that the Board then set up its own rules for the tests and their interpretations and 
submit these to the various Committees concerned, stating that we would work under 
any kind of a plan that seemed to promise any reasonable surety of success. This 
proposal was never put into effect. 

Finally the committee in charge proposed to the Board that the tests proceed with 
a very broad and flexible scheme of evaluating the physical conditions of the ventilation 
with wide variations in temperature, humidity, air motion, CO:, dust, odors and bac- 
teria, without penalization and with no scale for penalization above or below the re- 
gions of no penalization for these factors. This was too indefinite and was tabled by the 
Board of Education. 

In addition to the above, the spirit of competition persisted, and gave evidence of 
continuing in such manner as to cloud the real issue—the truth. 

There were so many participating committees that the responsibility was divided 
and it was impossible to settle on a coherent program. The buildings available were so 
old that to equip them with adequate apparatus involved excessive investment. 

Our Committee has signified its willingness to cooperate with the Rochester Board 
of Education whenever conditions change to the extent of eliminating these objections, 
which have so far, despite our faithful efforts, proved insurmountable. 

This is where the undertaking stood a year ago and is where it stands today. In 
our opinion the entire project is dead with little hope of resuscitation in sight, but for 
the better guidance of similar undertakings in the future, we would suggest the following: 


1. All tests should be conducted under the direct auspices of the Board 
of Education of the City of Rochester, with whatever technical advice required 
reporting direct to it instead of through a loose complication of Committees 
who may or may not be predisposed towards some particular system. 

2. All scientific data in existence should be reorganized and utilized from 
the start and such phases as are of a research nature should be as determined 
in Laboratories and the undertaking be confined to such field test data as can- 
not be better gotten from the Laboratory. 

3. The undertaking should be gone about scientifically, quietly and 
systematically with all ideas of publicity and sensationalism eliminated. 

4. The highest authorities on medical and health matters should be 
called upon to establish standards for the physiological reactions and the 
highest authorities on ventilation and air conditioning should be called upon 
to establish the physical standards of ventilation. 

5. ‘The tests should be conducted in new school buildings with the most 
approved and comparable equipment and in comparable localities as to sur- 
roundings, class, age and stock of pupils. 
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6. Complete records should be taken on the health and comfort of the 
pupils, the physical properties of the indoor and outdoor atmospheric con- 
ditions and on the economy and ease of operation. 

7. A definite basis of interpretation should be established before the 
tests are started. 


We beg to report with this the conclusion of our labors and respectfully ask to be 
discharged. 
Respectfully submitted, 
A.S.H.&V.E. CoMMITTEE TO COOPERATE 
WITH THE ROCHESTER BoarpD oF Epuca- 
TION ON ScHOOL VENTILATION TEsTs. 


Perry WEst, Chairman 
Wiiuts H. Carrier, Vice-Chairman 


A. R. ACHESON ALFRED KELLOGG 
Dr. E. V. Hii SamuEL R. Lewis 
Joun Howatt C. L. Rey 


Report of Committee on Research 


By Samuet R. Lewis, Chairman 


has been a wonderful pleasure. It has given me contact with the most interesting 
work in the world, conducted by the most interesting men in the world. 

There have been no dissentions in the administration, probably because the Com- 
mittee on Research has given me my own way; always, however, furnishing friendly 
advice and the most perfect cooperation. 

This committee of fifteen men merits the study and observance of A.S.H.&V.E. 
members. 

This committee has in charge the most vitally potent service that any organization 
can give the public. Its work does affect public health and comfort most profoundly, 
interlocking intimately with that of all public health functions. Its work also, in the 
light of more efficient use of materials, affects vitally the public pocket. 

No small part of the glamour which surrounds the doing unselfishly of a public 
service is the bearing that the work of the Committee on Research holds toward little 
children in their schools, as to their comfort and health. 

Another angle, more psychological, is the contacts now established by the com- 
mittee with the cream of the next generation through cooperative research in the 
universities. 

Let us get behind us the ever-present but not necessarily irritating question of 
finances. ‘The present administration inherited a fund of $10,000.00 which was held 
as an emergency, drawing interest at savings bank rates. 

We have maintained this fund. 


fio carrying on of the Chairmanship of the Committee on Research during 1927 
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We have collected from the Society, as our share in the dues of the members, the sum 
of $14,794.66. 

The foregoing is that collected to December 1, with an estimate of December 
collections. ‘There is perhaps the sum of $2500.00 yet to come from delayed dues. 

We received in 1927 $4401.60 from Tue Guing, and $14,198.63 from friends. 

We expended $3000.00 for cooperative research with universities, $6361.88 for 
equipment, supplies, traveling, etc., and $26,074.15 for salaries. 

Total income was $33,395.89. 

Total outgo was $35,436.03. 

There was an apparent deficit of about $2000.00, but this is only apparent, since 
delayed collections will cover it. We will doubtless have opportunities to make addi- 
tional cooperative research agreements in 1928. We will need to collect more money 
from our friends in 1928 than we have collected in 1927. 

There is no reason to apprehend any very great change for the next year. It may 
be that some of the work under way at Pittsburgh can be completed, or that its further 
study can be carried on to better advantage at some of the several research laboratories 
with which we are now developing cooperation. A dollar often will go further and do 
more public service when invested in this way than when invested in research at Pitts- 
burgh. 

The Research Endowment Fund has been established, founded by the Illinois 
Chapter. Several of the other chapters have promised to join in the foundation. 
Any surplus of income over disbursement can now be added to the Endowment Fund. 
This fund is to be administered by certain officers of the Society, in ways which are 
considered safe, but which will have the same flexible sort of government as has char- 
acterized the Laboratory from its inception. We wish to encourage the habit, now that 
this fund is in being, of our members to add to their life insurance a modicum for the 
Research Endowment Fund, to put something for it into their wills, and for corporations 
to put some of their stocks in its name, so that as business may prosper due to Research 
activities, the Laboratory may share in the reward. 


The use of our Research facilities by associations of interested manufacturers, in- 
augurated at the winter meeting of January, 1927, at St. Louis, is being developed. 
We have completed and reported on window leakage in the Southwestern Bell Telephone 
Building in St. Louis for a group of weather strip and metal window manufacturers. 


We are at work at Madison, on extensive research on infiltration of air through 
walls for the National Association of Common Brick Manufacturers. ‘There are several 
other similar services being developed, and a great deal of correspondence and investiga- 
tion has been done along these lines. It is by no means improbable that we shall 
eventually earn enough money in this way to carry the Laboratory. 

Tue Gung has been given some $800 of Research Laboratory money and service 
in developing the pipe size tables, beside the considerable time given by the staff to 
revising the heating and the ventilation sections, all without direct compensation. 

In this connection it would appear highly desirable that the engineering data section 
of Tue Guipg should emanate from the Laboratory, perhaps eventually blending THE 
Gui Publication Committee into the Committee on Research. 

The Director of the Laboratory and the Chairman of the Committee on Research 
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have devoted some time and a little traveling expense to coordinating research, to the 
extent of having visited several Universities, advising them in the kind of research 
work they shall plan to undertake, and assisting in the design of the equipment. 

Likewise, some time has been given to cooperation with the Cleveland Board of 
Education in work similar to that which failed at Rochester but which has every indica- 
tion of succeeding at Cleveland. 


All of the laboratories at which cooperative research is being carried on have been 
visited by the administration, and the work is being safeguarded in every possible way. 

Many of the chapters have been visited, to tell them of the work going on in Re- 
search. 


Committee on Infiltration 


A. C. Wiiuarp, Chairman 


OR several years the Research Laboratory of the Society has had under way an 
JH erestenton of the infiltration of air into buildings. This work really began with 

the studies by F. C. Houghten and C. C. Schrader of the infiltration of air around 
window sash and frames with both plain and weatherstripped sash. At the same time 
a few tests were also made of the infiltration of air through a 13-in. brick wall plastered on 
the inside, and a surprisingly high leakage value per sq. ft. of wall area was reported. 
‘These early reports appeared in the JouRNAL of the Society in February and June of 
1924, and in January of 1925. 

With the organization of the Technical Advisory Committee on Infiltration, it was 
believed desirable further to investigate the wall leakage factor which had been obtained 
in the earlier tests, and a series of brick walls, plain, plastered and painted, have been 
tested at the Pittsburgh Laboratory. The later results indicate that the original leakage 
factors were too large, and that, in general, a well-plastered wall has a very small leakage 
factor which may be still further reduced by painting. 

In addition, to the brick walls which have been tested, plastered frame walls with 
wood siding and stucco and hollow tile walls, both with and without plaster, have been 
under investigation. Results of these tests at the Pittsburgh Laboratory will be re- 
ported upon in detail by Director F. C. Houghten, and will finally be published in the 
JourNat of the Society. 

Last April an agreement was entered into between the Society and the Steam and 
Gas Engineering Department of the University of Wisconsin, providing for cooperative 
research to determine the air infiltration into buildings through walls and around 
window sash and frames. The agreement provides for an expenditure per year of 
$1000.00 by the Society and an equal amount by the University. The agreement is for 
one year with the understanding that it will be continued if the results of the first year’s 
work proves mutually agreeable. 

On account of certain restrictions relating to the University’s research funds, it was 
decided to use the Society’s money to cover the expense of building steel frames to sup- 
port the walls, to purchase the material for building the walls, and to prepare the 
walls for testing. It was understood that the University’s share was to be usec to pay 
the salary of a research fellow to be appointed for the purpose for the school year of 
1927-28, or to pay the part-time salary of an instructor who should devote not less than 
half time to this research project. 
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The agreement was entered into so late in the school year that very little was ac- 
complished before college closed in June. However, considerable correspondence was 
carried on and some meetings were held to determine the number and the nature of the 
walls to be tested. Arrangements were made with the University Board of Regents to 
appoint W. M. Richtmann, instructor in steam and gas engineering, to devote half time 





Fic. 3. SOUTHWESTERN BELL TELEPHONE BUILDING, 
Sr. Louts, Mo. 


to this project during the school year 1927-28, beginning the latter part of September. 
Mr. Richtmann has had two years’ experience in operating the infiltration testing equip- 
ment. Chester Braatz, a graduate student, has also become interested in this work in 
connection with his thesis, and during this school year will devote about half time in 
assisting Mr. Richtmann at no expense to either the Society or the University. 

During the past summer vacation one test frame was built in the University shops. 
On account of a quarterly payment agreement with the Society, it was impossible to 
arrange to build all the frames at once on account of lack of funds. Furthermore, it 
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Fic. 4. Trst Set-Up For MEASURING INFILTRATION THROUGH WINDOWS IN SOUTH- 
WESTERN BELL TELEPHONE BUILDING 


seemed desirable to build one trial frame to experiment with before contracting for 
the building of the other frames. ‘This move proved to be a wise one, as experience in 
handling this first frame and wall has resulted in changes of design which will not only 
make the new frames cheaper to build but will make it possible more easily to move 
them in and out of the testing machine. 

The Technical Advisory Committee on Infiltration outlined the following program 
for research, at whatever points we might find it practicable to conduct the research: 


(1) Brick wall with wood window and frame: 


(a) Determine frame leakage 
(6) Determine reduction in leakage by locking window 
(c) Determine reduction by applying storm sash—different methods of 
application 
(d) Determine leakage for different cracks and clearances, both locked and 
unlocked. 
(2) 13-in. plain brick wall—joints not thoroughly slushed (as in practice, good 
grade of common brick). 
(3) 13 in. plain brick wall—joints thoroughly slushed, good grade of common brick. 
(4) 13-in. plain brick wall—joints not thoroughly slushed, extremely porous brick. 
(5) 13-in. plain brick wall—joints not thoroughly slushed, glazed brick. 
(6) Concrete walls—probably different mix and thickness. 


After above walls are tested “‘plain,’’ they may be either plastered or painted. 


In November, 1927, the Common Brick Manufacturers’ Association agreed to cooper- 
ate with the Society to the extent of $1500.00 in 1928 to help promote this project 
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of research on infiltration through various brick walls. Major L. B. Lent, engineer of 
that association, was to be appointed a member of the Technical Advisory Committee 
on Infiltration. 

On November 22, Director Houghten and Major L. B. Lent visited Madison to 
discuss with Professor Larson the proposed cooperative tests on infiltration through 
walls, and after discussing the work in detail, and inspecting the testing equipment, 
the following program of tests was agreed upon, for the Madison Laboratory. 

PROGRAM OF TEsTS ON 13-IN. WALLS 


Wall Kind of Kind of 
Number Workmanship Kind of Mortar Brick 
1 See description below 
2 Good Cement or cement-lime Hard 
3 Good Lime Hard 
4 Good Cement or cement-lime Porous 
5 Poor Cement or cement-lime Hard 
6 Poor Lime Porous 


It was agreed that the mortars should be mixed in the following proportions: 


CEMENT Mortar—One of cement and three of sand by volume and enough water 
to make it workable. 


LiwgE Mortar—One of lime and three of sand by volume and enough water to 
make it workable. 

CEMENT-LIME Mortar—One of cement, one of lime, and six of sand by volume 
and enough water to make it workable. 

All walls to be tested before plastering or painting. Tests to be repeated after 
plastering or after painting. It was the general opinion that tests should be made on 
8 in. walls at a later date. 

The tests on Wall No. 1 will be carried forward as listed in the original program ex- 
cept that the frame leakage will be determined before and after plastering the brick wall. 
The program on this wall is as follows: 
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Wall No. 1—brick wall with wood window and frame. 
(a) Determine frame leakage before and after plastering wall 
(b) Determine reduction in leakage by locking windows 
(c) Determine reduction by applying storm sash—different methods of ap- 
plication 
(d) Determine leakage for different cracks and clearances, both locked and 
unlocked. 


Present Status of Tests at Madison 


Wall No. 1 was completed some time ago and has been allowed to dry out for about 
two months. Meanwhile the testing machine has been moved so as to make it 
more accessible to the moving of wall frames and numerous tests have been made 
to determine any possible source of leakage inherent in the machine itself. Tests have 
been started on Wall No. 1. 

Working drawings have been made of improved wall frames and of a crane for mov- 
ing the same. Bids have been called for and the contract has been let for five wall 
frames and the crane. ‘The contractors have promised an early delivery and the frames 
and crane will no doubt be delivered and erected in the laboratory ready to receive the 
brickwork by the middle of January. Through the courtesy and cooperation of Major 
Lent, sample bricks have been sent us upon which tests are being made for porosity 
and compressive strength to aid in selecting bricks to conform with the testing program. 
When our selection has been made, Major Lent will furnish us with a sufficient number 
of brick of the proper grade to build the walls listed in the above-mentioned testing 
program. 

We hope to be able to present the results of tests on Wall No. 1 at the summer 
meeting of the Society, and hope to present the final results of the tests on the other five 
walls at the winter meeting of the Society in 1929. 


The Laboratory is to be congratulated on the securing of cooperation from such 
men as Professor Larson. ‘To him is to be given credit for the first University cooper- 
ative agreement. He is showing continually a spirit of generosity in service, and of re- 
liability in making his reports, technical and financial, which are an example and an 
inspiration to us all. The great University at Madison is backing him up to the extent 
that our dollars are much more than matched by the State of Wisconsin. 

It is perhaps illuminating to know that the disposition of the University is to have 
all of its research along our lines handled through the AMERICAN SociETY oF HEATING 
AND VENTILATING ENGINEERS. 

In addition to the Laboratory tests which have been discussed in the preceding 
paragraphs, the Research Staff of the Society has recently completed a field study of the 
infiltration of air through plain and weatherstripped steel sash as actually set in the 
Southwestern Bell Telephone Building, a modern office building of the skyscraper type, 
located at St. Louis, Mo. Results of this work appear in the November JouRNAL of the 
Society, and have been reprinted in other technical magazines. This work was done 
under the immediate supervision of Director F. C. Houghten, and involved many 
difficulties which were finally overcome by the development of new methods and special 
types of testing equipment. (Figs. 3, 4 and 5.) 

One set of apparatus, identical with the five sets used in the Southwestern Bell 
Telephone Building in St. Louis, was attached to a window in the Grand Central Palace 
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Building in New York as an exhibit during the Power Show. Besides serving as a very 
satisfactory exhibit in which a great many people were interested, data was actually 
collected on the window. ‘This was a pivoted window, fairly loose and showed a very 
high leakage. 


Committee on Pipe Sizes 
H. M. Hart, Chairman 


INCE the last summer meeting of the Society, the Laboratory has expended a 
considerable part of its efforts on pipe sizes, in developing tables for use in THE 
Gumwe. As a result of this effort, in cooperation with THe Guipg Publication 

Committee and the Heating and Piping Contractors’ National Association, the third 
chapter of THe GuipE on Steam Heating Systems and Piping was developed. A 
considerable part of the Chapter is based directly upon the Laboratory’s findings as 
reported at last summer’s meeting and published in the September issue of the JouRNAL, 
and for the first time the Pipe Section of THe GuipE represents a complete and consistent 
unit. 

The Laboratory is now making a study of the capacity of branches to radiators for 
one- and two-pipe systems in cooperation with the Carnegie Institute of Technology. 
While progress is being made on this study, sufficient data is not yet available to present 
a report on this subject. 

Special mention should be made of the devoted and unselfish work done in the de- 
velopment of these pipe-size tables by C. V. Haynes, a member of the committee, and by 
Mr. Houghten, who gave up part of his vacation to the service. It is interesting also 
to remark that much of the mathematical work on these pipe-size tables was done 
as a labor of love, by Mrs. Houghten, who is an expert mathematician. 


Committee on Radiation 
F. D. Mensine, Chairman 


‘4 I NHIS committee has been acquiring information and studying radiator-testing 
laboratories. It is very likely that an equipment for testing radiation, possibly 
both direct and indirect types, will be built in 1928. There is not very much in- 

formation on the subject available, and there are a great many different opinions among 

those who have tested radiators. 
The paper in the December, 1927, JouRNAL sets forth some of the difficulties and 
offers some of the solutions. 


Committee on Temperature, Humidity and Air Motion 
W. H. Carrier, Chairman 


N INVESTIGATION has been carried on in the psychrometric rooms at the 
Society’s Research Laboratory to determine the rate of metabolism and the rate 
of evaporation from subjects under varying conditions of wet- and dry-bulb 

temperature and air movement. The object of this investigation was: 
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Fic.6. ExtR&MELY SENSITIVE BALANCE TO DETERMINE WEIGHT Loss 


“Me 
1. To obtain a rational basis for ventilation requirements. 
2. To determine the physiological reaction which occurs undef these various 
Bt i 
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| Fic. 8. APPARATUS FOR MEASURING, SAMPLING AND ANALYZING 
EXHALED BREATH 


conditions and tie them up if possible with the sensation of comfort as indicated 
by the comfort lines. 
As might have been anticipated from physical reasoning, it has been discovered 
that the sensible heat, that is, the heat given off by radiation and convection as sensible 
heat to the air and surrounding objects is a variable depending solely upon the variations 
between the average skin temperature and the temperature of the surroundings. 
For any effective temperature it may be assumed, and it is indicated by experimen- 
tal work, the skin temperature is reasonably constant so that for any effective tempera- 
ture line, at least the amount of sensible heat given off, varies nearly directly as the 
; difference between body temperature and dry-bulb room temperature. Since under 
these conditions metabolism also is constant, that is, the total amount of heat produced 

in the body is constant, and also since evaporation from the skin and lungs must also 
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make up the difference between the total heat produced in the body and that removed 
by radiation and convection as sensible heat, it necessarily follows that the total weight 
of evaporation from the body varies not with the wet-bulb temperature, as might be 
supposed, but inversely with the dry-bulb temperature. That is, as the dry-bulb tem- 
perature of the air increases the sensible heat given off decreases proportionately and 
the latent heat removed by evaporation increases correspondingly. ‘Therefore, this 
evaporation from the body is seen to be controlled primarily by the dry-bulb tempera- 
ture for any given effective temperature. ‘This may seem somewhat surprising to many 
but the reason for this apparently is, in so far as the skin is concerned, the physiological 
control of evaporation is such as to regulate the amount of moisture given off to obtain 





Fic. 9. Arr ConpiTIONING EguipMENT Usgep aT LABORATORY 


the heat balance independently and regardless of the evaporating power of the air. 
A still more remarkable fact determined, and which was contrary to our anticipation, 
was that there was but very little relative variation in the metabolism or in the total 
heat given off under various atmospheric conditions, especially in the neighborhood 
of the comfort zone. However, for extreme conditions on either side of the comfort 
zone the total heat given off by the body increased markedly. This would naturally 
be expected for the extreme temperatures below the comfort zone, but it also occurs in 
the extreme temperatures above the comfort zone. This latter effect undoubtedly 
was due to the extra effort of the circulatory and respiratory organs in their effort 
to maintain a temperature balance, and this extra effort undoubtedly was the cause of 
the increased metabolism and total heat produced. The sharp rise at this high effec- 
tive temperature point is a pretty good indication of the breakdown of the physiological 
control system end occurs in effective temperature regions where it is probably im- 
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possible for human beings to exist permanently. If this is true, then this break in the 
total heat curve is a very clear indication of this danger-zone region. While this does not 
primarily interest engineers engaged in the ventilation of buildings, yet it is of primary 
importance to those who are called upon to ventilate hot work-rooms, mines, etc. 
The facts which we have determined with a considerable degree of accuracy are: 

1. ‘The total amount of heat given off by the average individual. 

2. The relation of the amount of heat given off to the body surface and 
weight of the individual, and the degree of variation that occurs in these factors 
between different individuals. 

3. The relation of sensible to latent heat given off for various dry-bulb 
temperatures for the average individual. (This is useful in solving ventilation 
problems where temperature and humidity control, that is, effective temperature 
control, are desirable. ‘These data were never before determined.) 

4. The point where the physiological control of fan temperature begins 
to break down. 


All of this experimental work described was done with a view to determine the 
physiological reactions of subjects at rest. The next step will be to determine the 
physiological reactions of subjects at work with reference to metabolism and moisture 
given off; the work done being a definite measured quantity. It is believed that this 
last research will complete the series of temperature, humidity and air motion experi- 
ments necessary for determining some of the logical factors in heating, cooling and 
ventilation. 

There remains one other series of experiments which it is hoped at some time to 
attempt, although the determination will prove much more difficult, and possibly 
too difficult for exact determination. One of the things really needed to determine 
in ventilation is the effect of so-called air purity upon the animal organism and, if possible, 
upon the human being. It is also necessary to determine if there is an appreciable 
effect from what might be termed devitalized air, or any beneficial effect from what 
might be termed vitalized air. , By this expression it is nof‘ineant that any appreciable 
change in chemical constituénts but only the ionizing effect which may be produced 
in air in nature by the natural sun’s rays or otherwise, or by artificial means giving 
an equivalent effect.. It-is quite possible that there is in outdoor air subjected to the 
ultra-violet rays of the sun and other ionizing forces a property very analogous to vita- 
mins in food which science has recently shown us may be simulated by exposure to 
the ultra-violet rays; either natural or artificial, in analagous manner. It may be pointed 
out that so-called ozonizing equipment undoubtedly has an ionizing effect on air apart 
from the production of ozone, which is an indication of extreme ionization of the oxygen. 
It is possible that'effective ionization can be produced in this manner or some other 
means, as by treatment with tltra-violet light artificially, without any material pro- 
duction of ozohe; which in excess is objectionable, and that there may really be bene- 
ficial physiologital effects from the naturally ionized ait of outdoors, or a corresponding 
artificially ionized air indoors. In other wofds, it may be found possible, through 
the cooperation’ of' the ‘ventilating engineers with the scientists to produce an indoor 
effect exactly’ as berieficial as outdoor éffect if'there is found to be any really essential 
or important diffefehce physiologically. It is recommended that the Committee on 
Research and the Society obtaiti the cooperation of physical scientists and the medical 
profession. 
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Committee on Heat Transmission through Building Materials 
L. A. Harpine, Chairman 


r HE Laboratory is continuing the research investigation of heat transmission 
[“esreuss various types ot building construction with the Nicholls heat flow meter. 
More data have been collected in the study to date than will be necessary prob- 
ably in the future, for satisfactory determination of the desired constants. These 
additional observations were made in order that information might be gathered con- 
cerning such doubtful questions as the relation between heat flow and temperature 
change, wind velocity, heat capacity of the wall, sun effect, character. of the surface and 
precipitation, and also to make possible a better understanding of the application of the 
Heat Flow Meter method of determining coefficients of total transmission, inside and 
outside surface transmission, and conductivity or conductance. (Fig. 10.) 

With the large number of observations made in the various tests, more time is re- 
quired for complete analysis of the data than for their collection, and this part of the 
work has been allowed to lag until sufficient data are available to warrant the estab- 
lishment of sound conclusions. Most of the data so far collected have been only partially 
analyzed in order approximately to determine the coefficients. Minor corrections, for 
heat capacity and change of temperature of the construction under test and for aver- 
aging results of data collected over a greater period of time, may alter slightly some of the 
results given. 

The data now available and their partial analysis indicate that the Nicholls heat 
flow meter gives consistent and accurate results for the inside surface transmission co- 
efficients and the conductivity constant, if the wall is made up of a single homogeneous 
material, and that it gives the conductance (that is, the heat flow through the wall per 
unit of time with unit temperature difference between the two surfaces) of compound walls 
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The total transmission and outside surface transmission for any given outside con- 
ditions can be determined accurately. However, variable conditions affecting the out- 
side surface of the wall, as wind velocity and direction, precipitation, sun effect and 
clear or cloudy sky, make it difficult, if not impossible satisfactorily to valuate these 
constants to the degree of accuracy desired, from data collected by this method. 

It is hoped, however, that complete analysis of the mass of data available may make 
it possible to differentiate between the different variables and to establish the magnitude 
of the effect of each. 

The fact that under certain conditions the direct radiation from the sun to the sur- 





THESE BuimtpIncs WERE TESTED FoR ConpbuctTivity, UsING THE NicHoLLs HEAT METER 


face of a roof has the effect of giving a negative outside surface transmission coefficient 
(that is, heat is transferred to the surface of the roof when the air above is at a lower 
temperature) gives some understanding of the difficulty encountered. (Fig. 10.) 

The following table gives the types of construction studied at Pittsburgh to date, 
the buildings in which the study was made, the time over which data was collected, and 
tentative values for surface transmission and conductance coefficients resulting from a 
partial analysis of the data collected on some of the walls, ceilings and roofs. (Figs. 
11 and 12.) 

It is planned to spend more time in analyzing the data in hand so that final results 
can be published in the Journat. A Laboratory report to be presented at the Annual 
Meeting gives data on heat flow through a concrete-tile roof, and through a cinder-fill 
roof in summer. 


FOREGROUND. VARIOUS WALLS IN 
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Fic. 13, APPARATUS AND INSTRUMENT FoR Hot PLATE METHOD 
or TestiInc Heat TRANSMISSION THROUGH BUILDING MATERIALS, 
. UNIVERSITY OF MINNESOTA 


This paper will give conductance and inside surface transmission constants, the 
effect of variable outside conditions on the outside surface and total transmission con- 
stants, and the effect of sprinkling the roof and the color of the surface on the absorption 
and flow of heat. 


The list of construction already studied covers the types agreed upon by the Com- 
mittee at its meeting in Pittsburgh in October, 1926, as being those walls on which con- 
stants were most urgently needed. 


The committee recently suggested additional types of constructions for study by the 
Laboratory, including the following: 


1. 2x 4 in. stud walls with 7/;-in. sheathing, building paper, and drop siding 
outside, and with lath and plaster inside. 
2. 2x 4 in. stud walls with ’/;-in. sheathing, building paper and brick veneer 
outside, and with lath and plaster inside. 
Same as Nos. 1 and 2 with the addition of cork or other form of insulation. 
2 x 4in. stud with stucco outside and lath and plaster inside. 
me 9-in. brick wall without plaster and with plaster and furring, lath and plaster 
insi 
6-in. concrete wall. 
Insulated roof with wood or felt shingles. 
Insulated ceiling with unfinished attic. 
Corrugated sheet steel wall. 
10. Corrugated asbestos-protected metal wall. 
11. Corrugated asbestos wall. 
12. Steel roof, deck-insulation-felt roofin; os 
13. Determine in the Laboratory the surface coefficient (combined radiation and 
convection coefficient) for brick, concrete, plaster, wood and corrugated sheet steel for 
still air and for wind velocities up to 30 miles per hour. 


CON A™ orp go 
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Fic. 14. ExTgrNAL ViEw or Hot Box For TESTING HEAT 
‘TRANSMISSION THROUGH BUILDING MATERIALS, UNIVERSITY 
OF MINNESOTA 


B This new work is actively under way at the University of Minnesota, under Professor 
Rowley, and our cooperative Research Contract. One full-time man, A. B. Algren, 
M.E., and two half-time men, C. C. Carlson, M.E., and John Beal, Chemical Engineer, 
are devoted to this work, with considerable time being given by Frank A. Morris, as- 
sistant director of the experimental engineering Laboratories of the University of Min- 
nesota. (Figs. 13 and 14.) 

Two 12-in. standard hot plates and a standard double hot box have been built, 
these complying with the Society’s code for testing building-insulating materials. 

The box is built into one of the walls of the cold storage room in which temperatures 
may be maintained as low as 30 deg. below zero. The University is also furnishing 
instruments, such as type K potentiometers, watt meters, etc., needed as well as taking 
care of the expense of operating the refrigerating plant and other equipment. ‘The Re- 
search Laboratory is furnishing a Nicholls heat meter which will be used in conjunction 
with the hot box. Thus the equipment is fairly complete for a thorough study of the 
whole problem of heat transmission through building materials. 

The program to be followed is flexible and will be added to or changed as the work 
progresses. At present, several frame walls have been built both with and without in- 
sulation. These walls are being tested at temperatures ranging from 70 deg. fahr. to 
—10 deg. fahr., and also from 80 deg. fahr. to 0 deg. fahr. Some of the walls are also 











32 Transactions AMERICAN Society oF HEATING AND VENTILATING ENGINEERS ~ 


being tested at higher mean temperatures in order to determine the effect of mean tem- 
perature range on the amount of heat transmitted. In the past, most of the work has 
been done at high mean temperatures, and probably many of the accepted results are 
higher than those which will be obtained at the lower ranges. The walls which have 
been built up, and which are at present being tested are as follows: 


1. Studding 16 in. on centers with lath and plaster on the inside, sheathing, 
one thickness of building paper and lap siding on the outside. 


2 The same as No. 1, a oo ne woes Mmeetel ono-hell 
inch thick is added between the stu 

3. The same as No. 1, except ee an insulating board is substituted for the 
sheathing. 

4. Studding on 16 in. on centers with an insulation board and plaster on the 
inside surface and insulating board with paper and lap siding on the outer surface. 

5. Thesame as No. 1, but with the exception that plaster board is used in place of 
lath and plaster. 

6. The same as No. 4, with the addition of one-half inch insulating material be- 
tween the studs. 


In addition to these, some metal walls are being tested to determine the surface 
temperatures and the effect of insulating materials and roofing. 


In this series of tests full data are being recorded in order to get the total heat trans- 
mission constant, the conductivity of the various materials and the surface constants. 
From these results, it will be possible to check the correctness of the present method for 
calculating the heat transmission for built-up wall sections. It will also be possible to 
substitute other insulating materials in place of those used and to obtain the trans- 
mission constants where the insulating materials are of a similar nature. A further 
series of walls contemplated are to be built up of hollow tile. 


The U. S. Bureau of Standards is continuing its work with the guarded hot plate 
and has recently published a list of conductivities for various building insulating ma- 
terials on the market. 


The Engineering Experiment Station of Pennsylvania State College is continuing 
its study of heat transfer with the heat flow meter and new data on the subject was pre- 
sented at the winter meeting of the American Society of Mechanical Engineers. 


Another problem which is being investigated is the comparative accuracy of the hot 
plate and the hot box methods of determining insulating values. ‘The conductivities 
of certain insulating materials are being checked by both methods. This will give a 
check on the accuracy of surface temperatures determined by the hot plate and the hot 
box methods. The effect of the thickness upon the conductivity as determined by the 
hot plate is also being investigated. 

There are many fundamental problems which will bear investigation in this field 
and while many built-up wall sections are to be tested, it is the present plan to obtain 
sufficient data on each wall section and its component parts in order that the test will 
apply not only to the particular insulating material used in the wall, but also to other 
materials of similar properties. 
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Committee on Code for Testing Building Insulation 
A. P, Kratz, Chairman 


‘4 I NHE committee for framing a code for the testing of heat transmission through 
building walls was appointed April 12,1927. This committee framed a tentative 
code which was presented at the Semi-Annual Meeting at White Sulphur Springs, 

West Virginia, June 28 to 30, 1927. ‘The tentative code has been published in the 

August, 1927. issue of the JouRNAL. 

The committee held a joint meeting with a committee from the insulation manu- 
facturers in Chicago, September 27, 1927. At this meeting the tentative code was dis- 
cussed, and certain revisions suggested which met with the approval of the code com- 
mittee. ‘The committee has, accordingly, made such revisions, and now presents the 
code in form for final discussion and action by the Society at the winter meeting. 

This committee holds the record for prompt and effective action, and having com- 
pleted its work should now be discharged with our thanks and most beneficent memories, 
with the understanding, of course, that if we find need of revising this code we may ask 
the assistance of these men. 


Committee on Air Cleaning Devices 


F. B. Rowuiey, Chairman 


HIS committee was first appointed by President Driscoll as a Committee to draw 

I up a standard code for the testing of air filters. ‘The Committee functioned as a 

committee of the Society for some time and as such made two preliminary reports, 

one at the Annual Meeting at St. Louis, and the other at the Semi-Annual Meeting at 
White Sulphur Springs. (Fig. 15.) 

From the studies of the problem which the Committee made, it was evident that 
something more than a search of the literature was necessary in order to devise a proper 
code. It appeared that a considerable amount of research was necessary in order to 
determine such problems as the best and most practical method of measuring dust in 
the air, a method of producing a uniform consistent dust mixture and the selection of a 
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34 TRANSACTIONS AMERICAN Society or HEATING AND VENTILATING ENGINEERS 





standard or of several standard dust determinators.. While a great deal has been written 
on these subjects there is no uniformity of opinion which would lead to standardization. 
In fact, there seemed to be a wide variance in results obtained by the different methods. 
For these reasons the Committee was discharged as a Committee of the Society, and a 
new Committee was appointed as a Technical Advisory Committee of the Research 
Laboratory on Air Cleaning Devices. This committee was appointed at the Semi- 
Annual Meeting in June, 1927. 

It has not been the aim of the Committee to devise new methods of testing for dust, 
but rather to try out the existing methods and to select those which are best adapted 
for the practical testing of filters. ‘To accomplish this, it is necessary to set up apparatus 
by which dust can be mixed with air in as thoroughly a manner as possible, this dust 
then being cleaned from the air by commercial air filters and the quality of the air then 
being determined by the different types of dust determinators. 

For the first part of the work, the Committee has confined its attention to the unit 
stationary type of dry air filters. These are the most easily handled and the data de- 
veloped will apply to the self-cleaning type and also to the water-spray filters, both of 
which will be used in later experiments. 

Efforts are being made to maintain uniform dust and air mixtures, but it may be 
necessary to determine the concentration not only by the amount of dust mixed, but also 
by some form of dust determinator. Different types of determinators are to be used, 
but as a start the Hill dust counter and the Anderson-Armspaugh determinator are 
being tried out. It is the hope of the Committee that several types of determinators 
may be calibrated, and the results correlated to such extent that relative values may be 
used for the different methods. It may be found that some counters will be practical 
in some fields and not in others. 

The Committee recognizes also the problem of measuring different kinds of dust by 
the same method. 

A dust which is, at present, being tried out on account of its uniformity is lycopodium 
powder. Itis necessary to select some such dust as this in order first to calibrate the dust 
determinators. 

Thus far the apparatus needed has been supplied free of cost by the various manu- 
facturers, and in every case the spirit of cooperation and helpfulness has been excellent. 
Requests have not been made of all filter manufacturers for material, as it was not 
thought necessary to have a large variety of units until the preliminary work had been 
finished. At present, apparatus has been supplied as follows: 


A No. 2 American Sirocco fan, direct-connected to a 220-volt, one-half horse power, 
direct current motor, by the American Blower Co. 

Two Reed air filters with steam washing and drip tanks together with cleaning 
fluid, oil, etc., by the Reed Air Filter Co. 

Air filter cell by the Duro Air Filter Co. 

Offers have also been made by the Midwest and numerous other companies for 
apparatus which will be taken advantage of when needed. 

ee Seeent © bing and by De. B E. Vernon Hill and an AA dust deter- 
minator has been furnished by the Laboratory. 


This apparatus is now being assembled in the Experimental 2 Labora- 
tories of the University of Minnesota as follows: 
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Fic. 16. Exteriork oF NEw THERMAL LABORATORY, UNIVERSITY OF KENTUCKY 


e 

s A4x 4 ft. dust mixing chamber is being provided from which the dusty air is carried 
e by a 20-in. square pipe through a series of air straightening devices to an air filter. From 
il the filter the dust is drawn through an orifice to measure the flow and then to the fan 
from which it is discharged. Openings are being provided on each side of the filter 
to obtain the sample of air for the desired test method. Pressure drop throughout the 
y filters are measured by the inclined water gauge. ‘The assembly of this apparatus is well 





Fic. 17. GENERAL View oF BoILeR TESTING LABORATORY, 
UNIVERSITY OF KENTUCKY 
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under way and in a very short time initial data will be collected. The research work 
is being carried on as a part of the cooperative agreement between the Research Labora- 
tory and the University of Minnesota. 


Committee to Determine Maximum Boiler Output 


F. Paut ANDERSON, Chairman 


HIS is the committee which is looking after the boiler testing work at the Univer- 
sity of Kentucky. The best name for this committee was difficult to select. 
The principal immediate business of the committee is to check up, to prove and 
to criticise the proposed code for testing boilers to establish ratings. 
The equipment at Lexington was assembled and put into effect with remarkable 





Fic. 18. MEASURING TANKS FoR Freep WATER, 
UNIVERSITY OF KENTUCKY 


dispatch. Some of the results already indicated are covered in Professor O’Bannon’s 
paper. (Figs. 16 and 17.) 

The floor space occupied for boiler testing in the new Thermal Laboratory is 18 ft. 
by 67 ft. There is room for six boilers on the test floor at one time. An induced draft 
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Fic. 19. RgcorpDING INSTRUMENT GAUGE BOARD FOR BOILER 
TsEsts, UNIVERSITY OF KENTUCKY 


fan connected to an 18-in. tile flue in a trench extending the length of the room fur- 
nishes the necessary draft. ‘The steam outlets of the boilers are connected to an over- 
head main terminating in a condenser at one end of theroom. ‘The calibrated tanks for 
measuring feed water are in the opposite end of the room. An instrument panel, or 
gauge board, hangs from an overhead trolley and may be moved from one end of the row 





Fic. 20. Bor.eR UNDER Test. ‘THIS SHOWS THE POSITION OF 
THE THERMOCOUPLES, STEAM SEPARATOR, AND BREECHING, ETC., 
UNIVERSITY OF KENTUCKY 
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of boilers to the other. Fixtures are provided for holding it rigidly in place when once 
moved into position for connecting the instruments to the boiler under test. Noting 
the variety of recording instruments it is apparent that the boiler virtually writes its own 
story of thetest. (Fig. 18.) 

Beginning with the feed water system, the source of supply is water from the city 
mains. The water enters the bottom of the measuring tanks, and compresses the air 
in the top of the tanks. The water in one tank is fed to the boiler while the other 
tank is being filled. A system of double valves, with the space between two adjacent 
valves relieved to the atmosphere when the valves are closed, prevents any error which 
otherwise might occur by water by-passing the tanks through leaky valves and getting 
into the feed line without being measured. 

The temperature of the feed water is recorded by a recording thermometer, and a 
well is provided in the feed water line for a mercury-in-glass thermometer. The feed 
line branches at the boiler; one branch leads directly to the boiler, and the other goes to 
the boiier through an automatic boiler feeder. This feeder maintains a constant water 
level for a given load, and relieves the test crew of the necessity of regulating the feed 
valve. 

A recording differential pressure gauge mounted on the instrument panel records 
the level of the water in the boiler. It shows the fluctuations due to boiling and to prim- 
ing during the test as well as it supplies an impersonal record of the level at the start 
and finish of the test. (Fig. 19.) 

The steam pressure is read from a mercury manometer at the boiler and is recorded 
by a recording pressure gauge on the instrument panel. 

The steam leaving the boiler passes through a steam separator and then into the 
steam main. The separator drain is piped to a barrel resting on scales. ‘The level of 
the water in the pocket of the separator is marked on the separator gauge glass at the 
beginning of the test and the water is blown down periodically during the test to the 
original mark and weight. The pipe, pipe fittings and separator are covered from the 
boiler outlet to a distance several inches beyond the separator. 

There is a drip pocket at the bottom of the riser connection to the steam main. 
The condensate from this drip is let out through a valve into a bucket and weighed. 

The gate valve in the connection to the steam main is regulated by hand to control 
the boiler steam pressure. eas 

The steam main is a 4-in. pipe and is not covered. The end of the main branches 
through six 4 in. by 4 in. by 1'/, in.-tees into the six sections of the double pipe con- 
denser. (Fig. 21.) 

The double pipe return bends and tees which constitute essential parts of the con- 
denser are the familiar water cooler fittings used largely in refrigeration plants. The 
inside pipe through which the steam and condensate flows is 1'/,-in. brass. The outside 
pipe is 2-in. galvanized wrought iron. The cooling water flows through the annular 
space between the two pipes. The condenser is constructed on the counter-flow prin- 
ciple. The cooling water is supplied to each section from a 2-in. header at the bottom 
of the condenser, and leaves through a 2-in. header at the top. The condensate is col- 
lected in a 2-in. header which is vented to the atmosphere. The water is drained from 
the header through a 2-in. vertical pipe, in the bottom of which is a small orifice. A 
water gauge shows the height of water above the orifice. The maximum range of head 
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on the orifice is 40 in. of water. Different size orifices are provided for different rates of 
evaporation. ‘The head on the orifice is recorded continuously by a recording pressure 
gauge mounted on the instrument panel. The rate of flow being proportional to the 
square root of the head on the orifice, changes in the rate of evaporation may be noted 
at any instant. The condensate leaving the orifice is caught in a funnel and delivered 
through directing valves to either one or the other of two tanks mounted on platform 
scales. There is a small gauge panel near the condenser on which are mounted indicating 
thermometers for the cooling water in and out, and also a two-pan recording thermometer 
which registers the outside temperature and the room temperature. The amount of 
cooling water used is regulated to keep the condensate temperature down to about 100 





Fic. 21. OverHeap Dousie Pirk CONDENSER 


deg. fahr. A continuous record of the condensate temperature is also obtained by means 
of a recording thermometer. 

The double-pipe type of condenser was selected in order to eliminate the necessity 
of running leakage tests before each official boiler test, as would be required if the 
ordinary type of surface condenser were used. ‘The usual test code demands a con- 
denser leakage test preceding the test of the main equipment when the weight of the 
condensate from the condenser is one of the important items to be determined. 

There are no joints between the cooling water space and the steam space. The 
double-pipe condenser is not offered as the ideal condenser, since it occupies consider- 
able space and is not easily moved from one location to another. 

It would not be difficult to modify the ordinary type of surface condenser to conform 
to the principle of no joints between water space and steam space. (Fig. 22.) 

The coal is weighed in a box of about 1000-lb. capacity resting on platform scales. 
The coal is fired directly from this box into the furnace. A time-and-motion recorder 
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keeps account of the opening and closing of the fire doors. The frequency of attention 
required by the fire through the fire door is automatically registered as the test proceeds. 
Three inclined tube draft gauges mounted on the instrument board give the draft 
in the ashpit, the furnace draft and the draft in the flue. The intensity of the flue draft 
is also continuously traced on the chart of a recording gage. (Fig. 23.) 
A recording pyrometer with a range of 0 to 1500 deg. fahr., using iron-constantin 
thermocouples of No. 14 B. & S. gauge wire, is used for measuring the flue gas temperature. 





Fic. 22. WericHinc TANKs FoR CONDENSATE 


A combined carbon dioxide and carbon monoxide recorder is used in addition to the 
Orsat gas analyzer. A differential pressure recorder connected across an orifice in the 
flue furnishes information concerning the rate of flow of gases. ‘The draft is regulated 
by varying a resistance in the main flue leading to the fan. The usual line of laboratory 
apparatus is available for special tests and for calibrating instruments. 

While the somewhat complete autographic features of the laboratory stand out in 
the foregoing description, it should be pointed out that no elaborate array of apparatus 
or special devices can compensate for poor management or unskillful supervision of tests. 

Familiarity with basic principles, experimental technique, and a proper recognition 
and appraisal of values are of prime importance. 
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Fic. 23. Inpucep Drarr EguipMENtT For BoILeR TESTING, 
UNIVERSITY OF KENTUCKY 


A list of particular points upon which information is needed has been furnished to the 
University of Kentucky, for the benefit of the original code committee. It is surprising 
how many questions develop, as tests progress, as to code provisions. 

The studies being conducted as to priming, to develop a satisfactory limit of moisture 
in steam, are especially illuminating and interesting. 

In conclusion, it is suggested that the working rules of the Committee on Research 
remain as they are, very flexible. ‘Technical advisory committees should be kept small 
and active, taking advantage of the opportunity thereby to interest and awaken non- 
members or quiet members of the Society. 

Acknowledgment is made especially of the services to the Laboratory of Messrs. 
Houghten, the director, and Hutchinson, the secretary of the Society. I do not see 
how finer work could be done than that which these men have accomplished. 

Respectfully submitted, 
COMMITTEE ON RESEARCH 
SAMUEL R. Lewis, Chairman 


Report of Research Laboratory Work in 1927 


INCE the last meeting of the Society, the work of the Laboratory has been greatly 
expanded through cooperation with a number of universities. Results of this 
cooperation make it apparent that a greatly expanded program of research in 

the field of heating and ventilation and its relation to the comfort and health of man 
may be had for the asking. 

Through cooperation with the University of Minnesota, the new problem of study- 
ing air filters and cleaners with a view of developing a Code for Testing such devices 
was added to the Laboratory’s program. The work is progressing satisfactorily, and 
we should obtain more concrete information on this very important subject in te 
near future. 

Through cooperation with the University of Minnesota, the Laboratory’s program 

on heat transmission through building construction has been enlarged. Professor 
Rowley is working on this subject with his guarded hot box and he is rapidly com- 
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pleting tests on a very comprehensive series of insulated frame walls, So far, the 
work has been devoted to different types of frame construction with and without a 
number of insulating materials now on the market. A report from this work can be 
looked forward to in the near future. 


Boiler Performance and Its Relation to Rating 
Through a cooperative agreement with the University of Kentucky, another new 
problem, which has long awaited attack by the Laboratory—namely, that of boiler 





Fic. 1. Exutsit of APPARATUS FOR MEASURING LEAKAGE OF AIR 
THROUGH WINDOWS AT PowER SHOW, GRAND CENTRAL PALACE 
Buripinc, NEw Yorxk 


performance and its relation to rating—has been added to the program. A report on 
this subject by Prof. L. S. O’Bannon, who is carrying on the work, was presented at 
the Annual Meeting, and the paper, The Testing of Low Pressure Steam Heating 
Boilers, was published in the February, 1928 JouRNAL. 


Infiltration through Various Types of Building Construction 

The Laboratory’s program on infiltration has been largely taken over by the 
University of Wisconsin through a cooperative agreement with that institution. By 
devoting a considerable part of their research activity to this one subject, it has been 
possible to build up facilities at the University which will greatly expedite the Labora- 
tory’s work on this subject. In this connection it has been made possible to build a 
number of walls and test and retest them alternately. Some of these walls will be 
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Fic. 2. Coiuece or InpusTrigs Buinpinc, CARNEGIE INSTITUTE OF TECHNOLOGY 


‘made part of the outside exposed wall of the building so that between tests the effect of 
ordinary weather conditioning on infiltration through the wall may be observed. Profes- 
sor Larson has this work in hand and we may look forward in the near future to valuable 
information on brick walls built with various grades of material and workmanship. 

A study of infiltration through a couple of walls is being continued at Pittsburgh. 
Additional data have been collected on the effect of painting an unplastered brick wall. 
‘Tests on the standard frame wall (lap-siding, paper, sheathing, studding, wood, lath, 
plaster and wall paper) are now completed, and the lap-siding will be replaced by 
stucco. Final results of tests on these walls will be reported later. 

The data collected in the investigation of infiltration through windows in the 
Southwestern Bell Telephone Building have been analyzed and a complete technical 
paper was published in the November, 1927 Journat (p. 639). This report was also 
presented at the Annual Meeting. 

A similar study of infiltration through windows in a modern building was 





Fic. 3. Hgatinc Lasoratory, CARNEGIE INSTITUTE OF TECHNOLOGY 
WHERE THE Prpg-S1zE INVESTIGATION Is BEING CARRIED ON 
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made by the Laboratory in the Grand Central Palace, New York, during the 
Power Show. One set of apparatus used at the Southwestern Bell Telephone 
idling san anced oo ois te on toed Gad ee: This applica- 
tion served the purpose of a laboratory exhibit at the Power Show and at the 
= resulted in valuable data on infiltration through this type of window. 

ig. 1 shows the set-up and exhibit. A complete report on this subject will be 
er. FF. 4. b, 


Radiation 

While the Technical Advisory Committee on Radiation has been active during the 
past year, no work has been under way in the Laboratory. An attempt was made, 
however, to analyze the needs of this problem in a paper which appears in the December 
JournaL and which was presented at this meeting. 


Thermal and Moisture Exchanges between the Human Body and the Atmosphere 


This phase of the general problem of determining the relation between health, 
comfort and feeling of warmth of man and his atmospheric environment has been 
continued at the Laboratory and a completion of the study is in sight. A Laboratory 
report will be forth-coming in the near future. 


Capacity of Pipe for Different Parts of a Steam Heating System 

At the Semi-Annual Meeting of the Society, June, 1927, the Laboratory presented 
a final report on capacities of up-feed steam heating risers for one- and two-pipe systems 
(See September, 1927 JourNAL, p. 545). ape eee Seatn’ » Maat aa & Se Lenece. 
aye ee ae Ene eee! Ge Saee Seven Rae Senn Sees oF ward the development of 

tables based upon the Laboratory’s findings. This work, in which the Heat- 
ing and Piping Contractors’ National Association, and the GuipE committee cooperated 
with the Laboratory, has resulted in a completely revised set of tables in the Pipe Size 
Section of THe Guipe. For the first time, this chapter of THe Gump appears as a 
consistent unit. 

The Laboratory is continuing the pipe size study in cooperation with Professor 
Dibble’s Department of the Carnegie Institute of Technology. A study is now being 
made of the capacity of radiator branches for one- and two-pipe systems. 

Fig. 2 is a view of the College of Industries Building of Carnegie Institute of Tech- 
nology and Fig. 3 shows the heating laboratory. 

Respectfully submitted, 
F. C. Houcnren, Director. 


A change in the By-Laws was unanimously adopted as follows: 
Change in By-Laws 


Article No. 2, Section 10 of the By-Laws reads as follows: 

Any person having been elected to membership in the Society shall be 
promptly notified by the Secretary, whereupon he shall accept such elec- 
tion, subscribe to the Constitution, By-Laws and Rules of the Society and 
pay the initiation fee within three months after such notice of election shall 
have been sent him, or his election shall become void. 


Be amended to read: 


Any person having been elected to membership in the Society shall be 
promptly notified by the Secretary, whereupon he shall accept such election, 
subscribe to the Constitution and By-Laws and pay the amount of his dues 
within three months after such notice of election shall have been sent him, 
or his election shall become void. Failure to qualify within the time allowed 
will forfeit Initiation Fee. 

















Tue Tutrty-FourtaH ANNUAL MEETING 45 


Report of the 1927-28 Committee of the American Society of 
Heating and Ventilating Engineers on the Rating of 
Low Pressure Heating Boilers 


JANUARY, 1928 


a report and a tentative code and asked that approval be delayed in order to 

give the committee time to discuss the proposals with those interested; and also 
to receive suggestions based on careful study of its provisions. At that time it was be- 
lieved that six months would be sufficient and that a code for adoption could be sub- 
mitted at this Annual Meeting. The committee has found, however, that it under- 
estimated the inertia of the many interests it had to overcome, and considers it ad- 
visable to delay its final report till the 1928 Mid-Summer Meeting. 

The committee does not consider that this postponement will mean a corresponding 
delay in putting the code into active use. The adoption of the code by the Society 
against the desires, or without the approval, of those who will have to apply it would be 
a mistaken policy; when it is recalled that the Society for many years has been periodi- 
cally attempting to get the manufacturers to agree to a common method of listing the 
outputs and operating characteristics of their boilers, it is not surprising that there has 
been considerable inertia to overcome, and that six months were not sufficient for the 
committee to get in active cooperation with the representatives of other bodies, es- 
pecially when that time included the summer and the vacation period. 

It was natural that the committee, in its endeavor to obtain opinions, should seek 
the cooperation of the trade associations. The manufacturers and contractors who are 
not members of these associations were too many for the committee to approach indi- 
vidually but these had received the general invitations issued through the Society. 
The committee also acknowledges the assistance of the Heating and Ventilating Maga- 
zine which opened its columns to correspondence from its readers. 

After the Semi-Annual Meeting requests were sent to the Heating and Piping 
Contractors’ National Association, the National Boiler and Radiator Manufacturers’ 
Association, and the American Boiler Manufacturers’ Association that they appoint 
committees to meet with the Society’s committee. There was considerable delay in 
this being done, so that the first meeting did not occur until October. 

A meeting with a committee of the National Boiler and Radiator Manufacturers 
Association was held in New York on October 20. It was unfortunate that the com- 
mittee we met with had not received authorization to speak for their Association, nor 
had it held any previous meeting. Its members, as individuals, acknowledged the 
necessity of having a common method of expressing the outputs and operating char- 
acteristics of heating boilers, but were not agreed on the sufficiency of the A.S.H.&V.E. 
1927 tentative code, nor did they have another plan to substitute. 

Your committee was disappointed in the results of this meeting, and felt that the 
Association had not sufficiently instructed its committee, nor had it taken steps to en- 
sure that pre-consideration would be given to the subject to be discussed. It is believed, 
however, that a majority of the manufacturers who are members of that Association are 
desirous, individually, that a satisfactory solution of the problem may be arrived at so 
that uniformity in stating operating boiler characteristics may result. 

Two meetings were held with a committee of the Heating and Piping Contractors’ 
National Association. At the first on Nov. 8 it was agreed that the two committees 
would cooperate in studying the code of the Association and the proposals of the com- 
mittee with a view of ay ma mt them. In order to make this effective, a joint 
ya a mere i the two committees was formed, with Alfred Kellogg as 


A T THE Semi-Annual Meeting of the Society in June, 1927, the committee presented 
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The method of the H. & P.C.N. Association is based on obtaining, by tests, complete 
performance charts, and fixing the comparative rating from these, whereas the A.S.H.& 
V.E. committee proposals were limited to defining the allowable output at times of 
maximum demand, although its June 1927 report had vay og the additional mini- 
mum number of tests required to obtain complete catalogue data. A proposed enlarged 
code was therefore drawn up by your committee and discussed at a meeting of the 
combined committees on Dec. 7. A skeleton of this enlarged code is attached to this 
report. 

The principles of this proposal were agreed to, except it was thought that two 
efficiency tests at 30 and 60 per cent of the rated load should be made and their values 
averaged to obtain a one-figure efficiency value. Discussion of details was deferred until 
your committee had completed its discussions with the manufacturers’ committees and 
a proposed final code had been prepared. 


Your committee appreciates the cooperative spirit shown by the Heating and 
Piping Contractors’ National Association and believes that their experience in collecting 
and interpreting boiler data during the past four years will make their support of the 
Society’s work very valuable. 


On Dec. 9 a meeting was held with a committee of the American Boiler Manufac- 
turers’ Association. Previous to this meeting the committee of the Association had 
submitted a report discussing the Society’s tentative 1927 code, and a counter discussion 
of thin suport had then tout the 4. B.M.A. 


It is well known that makers of steel boilers give catalogue ratings which at least 
more nearly correspond to installed radiation than do the values used for the cast iron 
type. On the other hand, they have no agreed-upon common method of determining 
the values they assign. The reports referred to above were mainly concerned with 
discussing whether the rating outputs should correspond to normal or maximum demand; 
the A.B.M.A. committee were not convinced that the proposal to standardize the latter 
was correct, but it is believed that they will accept it if the code as a whole is satisfactory 
to other interests. 


At the meeting on Dec. 9, H. Starr Barnum, as chairman of the committee of the 
A.B.M.A., stated that they were authorized to speak for the members of their Associa- 
tion. An "outline of the proposed extension of the code was presented and was fully 
discussed. No definite agreement was reached but the committee of the A.B.M.A. 
made some tentative suggestions for changes which they asked the Rating Committee 
to consider. They urged that the term rating be eliminated and output with some 
adjective designation be substituted. They also thought it desirable that more tests 
than those proposed be called for, but were not prepared to prove definitely the need or 
show the purpose of such tests. 

Your committee is fully in sympathy with the desire to eliminate the word rating 
and believes that its use can be avoided. It was, however, thought better to retain its 
use in this present report as it was so freely used in the previous one. 


Your committee has noted in its discussions with other committees and with in- 
dividuals that they have difficulty in conceiving a plan for rating except in terms of a 
method of selection based upon the load conditions to be met with in practice. The 
viewpoint of your committee has been that the part which (what it has termed) rating 
output would play in selection was apparent, and that therefore discussions were sim- 
plified by the elimination of the consideration of selection. The rating output will 
play just the same part in selecting a boiler as the horse power capacities do in the 
choosing of motors. Having determined the maximum demand load of the building 
to be heated, all boilers listed in the manufacturer’s catalog as having a rating output 
of approximately the computed maximum demand requirement will be possibilities, 
and their other operating characteristics can be considered and compared. The rating 
output will therefore act as a kind of catalog index by which the boilers which can 
be compared for the final selection are reduced to comparatively few in number. 


It has also been the committee’s belief that the correct procedure was that an agree- 
ment on a uniform method of stating the operating characteristics of boilers, and a code 
to cover it, was necessary before work on a code of selection was begun. The proposal 
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that the boiler code be enlarged to include definitions of all operating characteristics 
and the minimum test necessary for their determination has so far changed the viewpoint 
of the committee, that the formulation of codes for chimneys and for boiler selection 
has been given consideration as likely to prove of greater value to the heating interests 
than would the presentation of a single code for rating only. 

The conception is that the code for chimneys would go further than covering their 
construction and would in effect establish the engineering rules by which their size 
should be determined. The laws of chimney action and the factors of safety which 
should be used in computing the correct size are independent of the boiler and un- 
doubtedly injustices can be inflicted on purchasers of boilers if the same method of 
computation is not used. 

The committee does not believe it necessary to lengthen this report by outlining 
what it considers to be the unsettled features of the final code for boiler performance 
data, nor the pro and con arguments that can be advanced. Adequate discussion on 
such features take considerable time. Its desire is that the code, as finally submitted 
to the Society for approval, shall have previously received the endorsement of the 
manufacturers and contractors. This consummation is of far greater importance than 
a discussion of minor technical details. 


Enlarged Code 


The principles of the enlarged code which the committee has drawn up to serve as a 
basis for discussion are shown by the extracts from it which are appended to this report. 
The committee has not adopted it and knows that there are a number of its suggestions 
which are debatable. 

The main objectives underlying the proposal is to so closely specify and to control 
_ the testing that manufacturers may have equal opportunity to obtain results, and that 

these may be legitimately comparable with results obtained by others; also to call for 
the minimum number of tests involving the minimum cost to the manufacturers and 
yet will give all the necessary data required for catalogs. 

It is to be understood that these proposals will not debar the manufacturer from 
making the full number of tests necessary to plot a complete performance chart should 
he so desire, but they necessarily assume that manufacturers’ catalogues will all give the 
data obtained by the tests. 

Objections have been raised to stating efficiency in any form, this objection being 
based on the well-known discrepancies which result when the same boiler is tested by 
different crews. ‘The committee believes that this is largely due to the fact that while 
test specifications have controlled the way test data are to be measured, yet they have 
5 sufficiently controlled the firing, the damper regulation and the general conduct of 

test. 

The need for, or usefulness of, a priming test has also been questioned, and as an 
alternative, it has been suggested that the output—as measured by smokehood tempera- 
ture—should be increased to a fixed per cent above that of the rated output, and that 
no serious priming shall occur. There is very little published data on priming, and no 
— agreement among manufacturers as to what is meant by the water line of a 

er. 

In conclusion the Committee would urge that the manufacturers recognize that the 
drawing up of this code is an engineering task and that they should give their engineers 
full freedom to so discuss and consider it. The sales and commercial questions that are 
involved can be considered after engineering features have been settled. 


Submitted by the Committee, 


ALFRED K&LLOGG, Chairman 
F. C. HouGHTEN P. NICHOLLS 
S. R. Lewis L. E. SEELEY 
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Code for the Performance Data of Low Pressure Solid Fuel 
Steam-Heating Boilers 


General 


HIS code defines the minimum performance data that shall be determined for low 
i pressure steam heating boilers using solid fuel, and specifies the tests required 

and how they shall be conducted. 

Three types of tests are specified: 

Rating test, to determine rating output, smokehood draft and flue gas tempera- 
ture, if lower than the standard, covered in Section I. 

Efficiency test, to determine the overall thermal efficiency at a defined fraction of the 
rating output, covered i in Section Ii. 

a - test, to determine the output at a defined quantity of priming, covered in 


There shall be a rating test and an efficiency test with each fuel that it is desired to 
have data on. With most boilers the type of fuel will not materially affect the priming 
characteristics and usually it will be sufficient to make that test with one fuel. 


SECTION I—RATING TEST 
Purpose 
The purpose of giving low pressure heating boilers rating values, as are defined by 
this code, is limited to that of permitting comparisons between their outputs with 
specified maximum allowable operating characteristics. 
The code will remain essentially as it is, but a number of changes in detail will be 


necessary. 
SECTION II—EFFICIENCY TEST 
Purpose 

The purpose of the Efficiency Test of this code is to determine a value for the 
overall thermal efficiency of a low pressure steam heating boiler, which will be repre- 
sentative of the boiler’s operation under service conditions, and which will be com- 
parable with the values similarly determined for other boilers. 

Definition 

The test to obtain the efficiency shall fulfill the following limiting conditions: 

(1) The average output per hour during the whole test period shall not be less than 45 per cent 
or greater than 55 per cent of the rated output. 

(2) The fuel used shall be the same in kind and size as previously used for the same boiler in de- 
termining its rating output. 

(3) ‘The quantity of fuel fired at any one firing period shall be equal to that which is or will be 
used in computing the length of firing periods. 

(4) When burning anthracite or coke the method of arranging the residue of unburnt fuel and of 
firing the fresh charge shall be that recommended or specified by the manufacturer for each fuel. The 
methods used for bituminous fuels shall be those recommended by the manufacturer as tending to reduce 
the smoke produced to a minimum. 

(5) When burning anthracite or coke no changes shall be made during a firing period in the 
settings of the ashpit, firing door or other air control dampers. The only damper adjustment per- 
missible is to the stack damper which can be changed if it is necessary to do so to bring the average 
output within the specified range. 

(6) When burning bituminous coals the ashpit, firing door or other air control dampers may be 
changed once in each firing period, provided all such changes are made at one time; the fuel bed may 
also be given attention once in each firing period provided this be done at the same time as the air 
control dampers are adjusted. The stack damper can be changed if it is necessary to do so to bring the 
average rate of output within the specified range. 
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An abbreviated efficiency test specification, alternative to that of the A.S.H. & V.E. 


1923 code is given. 
SECTION III—PRIMING TEST 


Purpose 


The ‘purpose of determining at what rate of output a low pressure steam heating 
boiler primes excesssively is to establish the ratio between this output and the rating 


output. 
Definition 


The priming output of a boiler is that found under the following limitations: 
(1) The height of water in the boiler as indicated by the gauge glass shall be A inches above the 
normal water level specified by the manufacturer. 


(2) The moisture in the steam as determined by steam separator during any consecutive 15 
minutes, while operating under approximately constant rate of output, shall not exceed B per cent of 
the steam delivered. 


Here follows the priming test specification. 


DISCUSSION 


PRESIDENT ANDERSON: Sometime ago we organized a Committee for the prepara- 
tion of a Code for the Rating of Low Pressure Boilers with Alfred Kellogg, Boston, 
as chairman. I would like to ask Mr. Kellogg to present the report of the Com- 
mittee. 


Atrrep Ke.ioGs: The chairman wishes to further emphasize certain features 
of the report presented by this committee at this time, particularily the word 
inertia. The several associations with whom the committee has held conferences, 
have in the past adhered quite naturally to preconceived ideas of the various 
factors upon which their scheme of rating was based, and considering the many 
years of their adherence to such methods of rating boilers, perhaps we should not 
be surprised that considerable time is required in the readjustment necessary to 
bring the various interests into harmony. The Committee feels that it has made 
considerable progress in bringing about a measure of cooperation of the several 
associations, and has received a marked degree of support and consideration for 
which it makes due acknowledgment at this time. 

Another obstacle to rapid progress in the work of the committee is the rather 
firm conviction held by all interested—both manufacturers, contractors and some en- 
gineers also, that boiler rating and boiler selection are one and the same thing, or 
at least that they must be considered together. 

A little thought, however, will make it clear that the function of a boiler is to heat 
water to a certain degree, or to evaporate a certain amount of water into steam as 
the case may be, and this function has no definite relation per se to variations in 
weather conditions or to building construction, which, along with other variables, 
quite definitely fixes the load upon which selection so largely depends. The words 
rating amd selection may not be the best to use in describing the conditions to be 
met, but they are nevertheless pretty well understood by engineers and the trade. 

The committee feels, therefore, that owing to the deep-rooted notion connecting 
so intimately boiler rating and selection for purposes of boiler installation, that it 
might be well to enlarge the scope of the work of this committee, in order that a Code 
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of Selection also may be included in its final report. This will be brought to the 
attention of the meeting later on. 

The report also outlines in a general way the program of the committee for its 
future work. 

Briefly, it is felt that the technical representatives of the manufacturers would 
do well to meet together and put their cards on the table, to the end that we may 
all see just how apart we really are at this moment. To this end also, the com- 
mercial departments of the boiler manufacturers should be urged to compose their 
differences with their technical force or advisers, to the end that this vexatious 
question of boiler rating or selection, or whatever you wish to call it, may be started 
on the road to a logical settlement. If there is the will to end the present chaos, 
the way will be readily enough found. The committee has in mind inviting the 
technical representatives of the various manufacturers to what may be termed 
a public hearing on the subject, to be held in some convenient city sometime in 
March next. 


Of this, however, Mr. Nicholls will speak later on in the meeting. 


W. T. Jonzs: In line with Mr. Kellogg’s suggestion and so that the Committee 
won’t be handicapped in working with these other organizations, I would like to make 
a motion that this report be accepted, that the title of the Committee on Rating 
Low Pressure Boilers be changed to the Committee on Rating and Selection of Low 
Pressure Boilers and that the Committee be authorized, if it so desires, to increase its 
own membership. 


The motion was seconded by Mr. Mensing. 


PresipENT ANDERSON: I would like to see this report accepted as a progress 
presentation and some evidence given here that we are ready to make a permanent 
committee out of this particular effective body because these men have been doing 
some excellent work and it would be desirable to give them full time in which to ac- 
complish their labors. 


Mr. Jonzs: I would like to include that with the motion, Mr. President, then— 
that the committee’s report be accepted as one of progress and that the committee 
be continued. 


8. A. Jetzetr: I would like to get that entirely clear. I am not a boiler manu- 
facturer, as you know, but what effect would that have on our relationship at the 
present time until this whole code is developed, the naming by the committee of 
different makes of boilers for different purposes. It seems to me we are mixing 
the commercial side there too much with the technical side. I really don’t believe 
we have reached the point where this committee can name particular makes of 
boilers to meet particular conditions. When I say makes I mean manufacturers. 
There is a trade question there that ought not to intrude on the work of this com- 
mittee at the present time. We may reach the millenium when they will be ready 
to agree that certain makes of boilers are designed for certain work and should 
be so used, but I don’t think we have yet reached it. 


Presipent ANDERSON: That is a question that might have an infinite number 
of answers. 
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Mr. Ketioae: In answering Mr. Jellett’s remarks, perhaps I neglected to state 
that I feel that the boiler manufacturers are more anxious that a Code of Selection 
be formulated than is the committee. The committee has quite a job cut out for it. 
As to the inter-relation of the engineering and commercial side. Were it not for 
commercial considerations, the question of technical selection could be settled in 
20 minutes, but when the commercial angle is such a prominent feature, this com- 
mittee would not set itself up as being competent to ignore it. We must consider 
the practical side of the application of any Code of Rating to that of disposal of 
product, and it can be done if a Code of Rating serves to bring out the characteristics 
of all the types of boilers on the market. That will mean that some boilers will have 
to be relegated to the scrap heap. It means again, the survival of the fittest. 


R. V. Frost: I wonder if this Committee will not be of greater value to the 
industry if it is made a boiler selection committee rather than a rating committee, 
for the reason that at the present time no one seems to have a very clear idea of how 
a boiler should be selected. It is left up to the consumer, although the manufac- 
turer in a great many cases gives a great deal of data on the performance of his 
boilers, he will not publicly nor in writing in catalog data tell how that boiler shall 
be selected. 

If the committee as an independent body can outline to the industry or to the 
trade rather how a boiler can be selected on uniform lines, I think the value of the 
committee would be very much increased. 


F. D. Mensine: I think the work could be simplified if instead of rating boilers 
the committee was empowered to work out factors to aid in the selection of boilers. 
I think we all labor under the difficulty in the heating and ventilating field of not 
having factors of safety. I would suggest that Mr. Jones be given the opportunity 
to write up his motion and present it a little later when he has had the time to clarify 
just the motion as now put. We never really have time to frame a motion of this 
character on the floor and I think it would be a good idea if the motion was with- 
drawn to be presented a little later in the session. However, that is merely a sug- 
gestion. 

I propose an amendment to Mr. Jones’ motion that he be given time to prepare a 
motion and submit it to the body. I will offer it as a substitute. 


The motion was not seconded. 


Pror. F. B. Rowrzy: It is not just clear what the motion is. I would like 
to have it repeated so that I know definitely what we are voting on. 


PRESIDENT ANDERSON: The motion that was made provides that this report be 
accepted, that the committee be continued and that the name of the committee 
be changed to the Committee on the Rating and Selection of Low-Pressure Heating 
Boilers. 


8. R. Lewis: It seems to me there is no need of any great detailed refinement of 
that motion, so long as the committee understands that its duty shall be to tell how 
the proposed code, which we hope will give the maximum output, shall be used 
practically. That is really what we are after. It seems that a great many people 
would grasp the meaning of this code more readily if-we could understand how, when 
a boiler has been rated on its maximum output a man may select’ the size boiler for 
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a given sized duty. The committee, I think, can be trusted to develop the details 
of how that shall be done, and this is really the purpose of the motion, and the 
details of how the motion is worded are not of any great moment. 


Mr. Ketxoce: To smooth out any misunderstanding any one may have in re- 
gard to this matter, might I say that Mr. Mensing has merely put in different words 
exactly the idea advanced by Mr. Jones and explained somewhat in detail by Mr. 
Lewis. We are all working toward the same thing. It is, in other words, a move 
to provide for boiler selection for purposes of installation, derived from a rating 
code which this committee was appointed to prepare. 

We have found, as previously stated, much difficulty in persuading the average 
man to separate the question of boiler rating from boiler selection, but whenever, 
we have had a chance to sit around a table and talk with those interested, they 
have always seen our point of view, but the few men that we are likely to meet in 
person are not going to have a great leavening influence on the 35,000 steamfitters 
for whom this work is being attempted. 


Mr. Je.itzetr: The wording there used was the selection of the boiler. If he 
means selection of a type of boiler, it will be different. 


Presipent AnDERSON: I think I can clear this matterup. Mr. Kellogg’s com- 
mittee was designated to develop a code for the rating and selection of low pressure 
boilers. This Committee does not have power to act or to put into effect any 
practice for this Society. After all it must come back to this Society for approval and 
all interests are safeguarded by requiring this committee to report their findings 
to the Society for final modification or approval. It seems to me that the present 
name of the committee does not indicate just exactly what this committee may 
find it necessary to do when it tackles the problem of selection as coordinated with 
the question of rating. 


Mr. Frost: Mr. Mensing’s motion included the acceptance of the Committee’s 
report. In that case, then, the discussion of the report is in order at this time. 
I would like to say a few words in regard to that. While I do not speak as a repre- 
sentative of a manufacturer or of a body of manufacturers, I am going to speak 
in the interest of the manufacturers, from their standpoint. Mr. Kellogg and the 
Committee have used the word inertia in speaking of the attitude of the manu- 
facturers. Ihave had about 20 years’ experience in heating work, and the great part 
of that time has been with the manufacturer. So that I know very much his atti- 
tude in regard to rating a boiler. While I am not representing a manufacturer at 
the present time, I think that he should be allowed a just viewpoint or that his 
viewpoint be placed correctly before the Society. 


Presipent ANDERSON: Mr. Frost, may I interrupt you. I think I can clear your 
mind on this subject. As I take it, this report is simply accepted as a progress 
report. Nothing final. There is nothing in this report that becomes now the offi- 
cial act of the Society, but we are merely accepting this report as a progress docu- 
ment. 


Mr. Frost: Well, then, what I have started to speak upon is perfectly in order. 
I want to clear up some of the points the committee mentioned in their report. 
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Quoting from the report, “It is recalled that the Society for many years has been 
periodically attempting to get the manufacturers to agree to a common method of 
listing the outputs and operating characteristics of their boilers. It is not sur- 
prising that there has been considerable inertia to overcome.” As far as the 
manufacturer is concerned, he has been more of a live wire within his own circle on 
the question of rating than any other body in the industry. The heating and 
piping contractors a few years ago started the movement for a uniform rating of 
boilers, and their work, I believe, has had a great influence in getting a definite 
principle expressed upon which the manufacturers could work. The manufacturers 
as a result have taken the work of the heating and piping contractors and built 
upon it, using that as a foundation. The result is that now several manufacturers 
are furnishing to the industry data on the performance of their boilers which they 
would otherwise not have thought possible to give to the public to be used in the 
proper way. In fact, I was speaking with one manufacturer this morning and he 
said that 12 years ago they gave that information to the public and it was not 
used. There are at the present time to my mind at least four manufacturers who 
are giving these data freely in catalog data or when requested. 

Then, the report of the Committee refers to the meeting with the National 
Boiler and Radiator Manufacturers Association October 20. It is stated here that 
the committee representing the manufacturers did not offer another plan to sub- 
stitute and that they did not agree on the A.S.H.&V.E. code. The only objec- 
tion that was offered to the A.S.H.&V.E. code at that time was on temperature 
limitation, but they did express the opinion that it would be more to the interest 
of all concerned if complete performance data were furnished. I don’t think that 
the Code Committee can consider that the boiler and radiator manufacturers 
organization through that committee did not offer another plan to substitute. 
In fact, that meeting has had an effect upon the ideas of the committee as far as 
changing the viewpoint of the committee, for they make this statement—‘“that 
the formulation of codes for chimney and boiler selection have been given con- 
sideration as likely to prove of greater value to the heating interest than would 
the presentation of the single code for rating only. I think that is just exactly the 
idea of the manufacturers. I think that by enlarging the committee as we suggest 
now or enlarging the scope of the committee to cover selection, we will obtain really 
what the industry is looking for. 

The Committee makes another statement. “It is desired that the code as finally 
submitted to the Society for approval shall have previously received the endorse- 
ment of the manufacturers and contractors.” That is the only way we can get a 
working code. If it cannot be accepted by the manufacturers, of what useisit? The 
manufacturer is ready to go along with the Society. There is no doubt about that. 
I think the Code Committee can feel that they have the cooperation of the manu- 
facturers in the final outcome. 


Mr. Jonzs: To explain my motion a little, as I heard Mr. Kellogg’s report as 
being one of progess and asking for a little further time, the only suggestion that 
I noted was that the scope of the committee be enlarged to clarify the situation 
which was agreeable, as I understood, it, to the other association working with this 
Society. We know the members of this committee—Kellogg, Lewis, Houghten, 
Nicholls and Seeley. I think we can safely leave with that committee just the 
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word “selection.” They know what to do as far as factors go and I think that they 
will bring out something that will clarify the situation immensely and do so without 
complicating the motion by telling them how to do it. 


Mr. Ketxoae: I think it is not improbable that there is a good representation 
present of ‘all the organizations with which this committee has endeavored to co- 
operate, and I may add, with quite a measurable degree of success. It would 
therefore seem desirable that representatives of these associations if possible, make 
a presentation to this meeting of the attitude of their respective organizations so 
far as they have authority to speak. Our meeting with the Committee of the 
National Radiator and Boiler Manufacturers’ Association to which Mr. Frost re- 
ferred, we thought made very distinct progress which corroborates something the 
present speaker touched on a whileago. That is this: that it is not only the heating 
contractor who wants a Code of Selection to apply to a boiler rating code, but the 
manufacturers themselves want it. They want the solution of the chimney, the 
pick-up and all the other variable factors included in something comprehensive that 
will be of value to the entire heating industry. I certainly hope the representatives 
of the National Radiator and Boiler Manufacturers Association, the Heating and 
Piping Contractors National Association and the American Boiler Manufacturers 
Association will speak upon this subject before a vote is taken. 


Homer Appams: In response to this invitation of Mr. Kellogg, my interest is that 
of the American Boiler Manufacturers Association as chairman of the Heating Boiler 
Division. Our industry includes nearly all the steel boiler builders in America 
who build for the great power stations, isolated plants and heating boilers also, 
and who have all the time acted in a way to arrive at precision and accuracy, so as 
to attain the most solid and sound foundation. Steel heating boilers have there- 
fore been made by an industry that is building a hundred million dollar product 
annually, and they have always tried to be faithful to the highest achievements 
and the adoption of the highest manufacturing and performance standards and 
requirements. Naturally we are not conscious of any lack of response or lack of 
meeting your Committee’s expectations. I am certainly confident that if there is 
any appearance of inertia to your Committee it is just because of the great, long, 
thorough, precise life that the industry has lived in and worked in and therefore 
does not move at a tick of the watch, but must go their own old way which has been 
thorough and sure and in a way they can collectively agree on. 


Our industry has no objection whatever to this Code, but based on an under- 
standing of all that we know of our products and all we have tried to acquire about 
our products in these years and through close cooperation by all the boiler builders, 
we comprehend that making this Code for rating low pressure boilers and applying 
the same depends on thorough and comprehensive knowledge, the united support 
of all that are ‘interested, such as manufacturers, architects and engineers, con- 
tractors, owners, etc., and possibly also a guide to aid in the selection of such heating 
boilers for the different and widely varying uses that they are put to. 

My view is that the two great considerations for this committee is to make sure 
of the cooperation by the interests that will have to apply to this Code, and that a 
reasonably sure guide be also available to the same sources to aid them in the selec- 
tion of boilers that will function right under the varying conditions. 
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I think our industry will cooperate whole-heartedly with your committee and 
will follow just as far as it is for the good of the product and the user, for we, like 
the engineers and the architects, benefit alike from the same results. 


H. M. Hart: Speaking as a member of the Boiler Output Committee of the 
Heating and Piping Contractors National Association, we have spent several years 
with this problem. Due to the very broad range of conditions under which heating 
boilers are asked to function, we have purposely avoided the term rating on a boiler. 
We have developed what we consider a very good method for the manufacturer 
to present to the engineer or contractor a complete picture of the performance of 
his boiler under practical conditions of operations. So that the engineer, knowing 
as he should the conditions that he has to meet, can without question pick a boiler 
that will fulfil those conditions. We have felt that if a manufacturer simply pub- 
lished a single rating on a boiler under one condition of operation, that was not 
sufficient for the engineer to meet the various conditions that he finds in practice. 
We have found that the manufacturer has expressed himself as being in full accord 
with our ideas and we have now in our files a great many performance charts which 
give the full picture of boilers. The question of a uniform rule for the selection of a 
boiler, which merely means arriving at the total load, the maximum output that 
the boiler will be required to meet, as well as the most efficient boiler that can be 
selected to meet the condition of operation, has not been fully developed. This 
idea of giving the performance of the boiler is perhaps somewhat new with us and 
we were waiting until we had a comprehensive picture of these performance charts 
before we finally adopted a uniform method of selection. We are in accord with 
this idea of developing a method of selection of boilers from a performance chart. 
We are rather doubtful that a single rating on a boiler will be of sufficient importance 
to apply that formula. However, we are not hidebound on the question. If we 
can be shown that a single rating at some point on a performance chart is sufficient 
to give an engineer a method of selection, we will be glad to accept it. 

Therefore, we are in favor of the proposed motion that the scope of the committee 
be enlarged and that the committee be continued and we have been invited to 
cooperate with this committee and we are glad to do so and will continue to do so 
so long as they care to have us, with the hope that the solution of this intricate prob- 
lem will be met. We have been told by a very prominent man that nothing is 
impossible and I agree; I believe that the question will be solved. I believe that 
we will have the whole-hearted support and cooperation of the boiler manufac- 
turers, because we are all seeking one goal. The manufacturer necessarily wants 
to have satisfied customers and the contractor the same, the engineer the same. 
So I don’t see any reason why we can’t work together and arrive at a satisfactory 
conclusion. 


Percy Nicuo.ts: I should like to say a word as an enlargement of Mr. Kellogg’s 
mention of a public hearing. The committee has reached the stage where it has a 
large accumulation of arguments and discussions on all phases of this subject, and 
finally a decision has to be reached and the final code drawn up. 

The committee believes that previous to this decision there should be a public 
hearing, but because the rating code is a question of testing boilers it is therefore an 
engineering problem, and the associations and manufacturers should be represented 
by their engineers. It will in reality be a conference with the engineers, and 
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out of that conference should come the final code which we will submit to the 
Society. 

It is proposed to hold this meeting at the end of March or beginning of April, 
and previous to it the committee hopes to submit to the delegates details of the 
points to be discussed and thus give them time to prepare for it. 


Mr. Ketxoce: In bringing this discussion to a close, I will briefly state that 
the word inertia has been fairly well defined. It must not be understood, however, 
that is was used in the progress report in any sense as implying obstruction. The 
meaning attached to the word as understood by the Committee has been very 
clearly defined by Mr. Addams. 

In reply to Mr. Hart, it may be said that the committee from the beginning 
of its work has been and now is, in sympathy with the aims of the Boiler Output 
Committee of the Heating and Piping Contractors National Association, and it must 
be kept in mind that the work of the Committee on the Rating of Low Pressure 
Boilers of this Society in no way conflicts with the work of the sister society. 

We, of course, know that the complete performance charts and data requested 
of the manufacturers by the Boiler Output Committee will afford the trained en- 
gineer full information for boiler selection, and there is nothing in the proposed code 
of this Society that would negative the publication of all desirable information of 
value to the prospective buyer; in fact, the draft of the tentative code presented 
at the June, 1927 meeting of the Society expressly invited the presentation in manu- 
facturers’ catalogs of data more complete than that covered by the Code. 

The committee has felt, however, that its much simpler and more direct code 
requirements would better serve the needs of the 35,000 odd steamfitters and plumb- 
ers, constituting as they do, the vast majority of the boiler buying public, than 
the more involved charts and formulae, however valuable the latter may be to the 
thousand or two trained engineers. By all means, let us have both if we can obtain 
them. 


PROGRAM—34TH ANNUAL MEETING 


AMERICAN SOCIETY OF HEATING AND VENTILATING ENGINEERS 
Hore, PENNSYLVANIA, NEw YorK 


Monday, January 23rd 
10:30 a.m. Council Meeting 
11:00 a.m. Committee on Research 
Nominating Committee 
Other Technical Committees 


Monday, January 23rd, 1:30 p.m. 


Greetings by President F. Paul Anderson 

Report of Tellers of Election 

Testing of Boilers and Radiators—Dr. C. W. Brabbée 

Test Methods for Radiators, F. C. Houghten and S. R. Lewis 
Discussion—Prof. E. H. Lockwood 

Report of Council 
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Monday, January 23rd 


4-6 P.M. Tea Dance, Hotel Pennsylvania 
6:00 p.m. Past-Presidents’ Dinner 


Monday, January 23rd, 8:00 p.m. 
Coordinated Research Session 
Addresses: 


S. R. Lewis, Chairman, A.S.H.&V.E. Committee on Research 
Dr. F. W. Stratton, Pres., Massachusetts Institute of Technology 
H. Leigh Whitelaw, American Gas Association 


Tuesday, January 24th, 10:00 a.m. 


Report of Committee on Research—S. R. Lewis, Chairman 

Report of Director of Research Laboratcry—F. C. Houghten 

Code for Testing Air Cleaning Devices—Prof. F. B. Rowley 

Practical Ventilation for Schoolrooms—S. R. Lewis 

Effects of Ventilation on the Health of School Children—T. J. Duffield 
First Principles in Unit Ventilation—W. R. McCornack 


Tuesday, January 24th, 2:00 p.m. 


Factory Heating and Ventilating Session: 


Report of Committee on Increase of Membership—C. V. Haynes 

Report of Secretary—A. V. Hutchinson 

Report of Committee on Heating and Ventilating Garages—O. N. Walther 

What Will the Engineer Choose—Heating Only or Air Conditioning for the Modern 
Plant?—H. P. Gant 

Airation of Industrial Buildings—W. C. Randall 

Natural Ventilation of Farm Buildings—Prof. F. L. Fairbanks 

Report of the Finance Committee—Thornton Lewis 


Tuesday, January 24th, 7:00 p.m. 


Annual Dinner and Dance 
Presentation of Past-President’s Emblem to F. Paul Anderson 
Address on Benjamin Franklin—Hon. A. O. Stanley, former U. S. Senator 


Wednesday, January 25th, 10:00 a.m. 


Some Studies of Corrosion in Return Lines of Steam Heating Systems—F. N. Speller 

Code for Rating Low Pressure Heating Boilers—Alfred Kellogg 

Relationship between Output and Operating Characteristics in Tests of Low Pressure 
Steam Heating Boilers—P. Nicholls 

The Testing of Low Pressure Heating Boilers—Prof. L. S. O’Bannon 


Wednesday, January 25th, 2:00 p.m. 


Standard Test Code for Heat Transmission through Walls—A. P. Kratz 
Utility Requirements for Hospital Buildings—Prof. G. L. Larson 

Value of Building Insulation to Reduce Heat Losses—E. N. Sanbern 
Economic Thickness of Insulation for Building Walls—M. S. Wunderlich 
Extended Surface Radiation—Charles S. Sage 


Wednesday, January 25th, 2:00 p.m. 
2:00 p.m. Ladies attend Roxy Theatre Performance 
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Thursday, January 26th, 10:00 a.m. 


Report of the Guide Publication Committee—Perry West 
Practical Results of Ventilating the Holland Tunnel—Ole Singstad 
Saving Heat in Skyscrapers—F. C. Houghten and M. E. O’Connell 
Installation of Officers 


Thursday, January 26th, 2:00 p.m. 


2:30 p.m. Inspection of Holland Tunnel 
3:00 p.m. Inspection of Brabbée Laboratory. Train leaves Grand Central Station 
1:35 p.m. Harlem Division, N. Y. C. R. 
2:09 p.m. Arrive at Mt. Vernon, New York; buses will convey members to Brabbée 
Laboratory 
2:15 p.m. Lancheon will be served; the inspection will begin immediately after 
luncheon and at its conclusion members can make the return trip, leaving Mt. 
Vernon at 4:29 p.m. 


Friday, January 27th, 9:00 a.m. 
8:30 am. Council Meeting 


COMMITTEE ON ARRANGEMENTS 


H. B. Hedges, General Chairman 
Russell Donnelly, Chairman, Hotels W. J. Osborn, Chairman, Publicity 
Alfred Engle, Chairman, Entertainment G. A. Dornheim, Chairman, Finance 
C. W. Stewart, Chairman, Ladies R. A. Wolff, Ex-Officio 


SocrETy OFFICERS AND COUNCIL 


pO REP Pry ore Cree F. Paul Anderson, Lexington, Ky. 

First Vice-President....................A.C. Willard, Urbana, IIl. 

Second Vice-President... ........0.0000. Thornton Lewis, Philadelphia, Pa. 

es 6k ons cchs set lose W. E. Gillham, Kansas City, Mo. 

- I ee Peewee rete ska. A. V. Hutchinson, New York, N. Y. 
CounciL 


F. Paul Anderson, Chairman 
A. C. Willard, Vice-Chairman 


One Year Two Years Three Years 
H. H. Angus J. J. Kissick W. H. Carrier 
W. H. Driscoll E. B. Langenberg C. V. Haynes 
Roswell Farnham J. F. McIntire John Howatt 
H. H. Fielding H. Lee Moore W. T. Jones 
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No. 788 
TEST METHODS FOR RADIATORS AND BOILERS 


By C. W. Braspte, New Yorks, N. Y. 
MEMBER 


T SEVERAL meetings of the Society! the author emphasized the idea 

of testing radiators, not by the method of condensation only, but also by 

a comparative method based upon the useful heat output of radiators. 

For the purpose of giving a clear résumé of the developments up to the present, the 
most important steps in this venture are repeated briefly. 

Fig. 1 shows one room R used for human occupancy with all sides surrounded 
by well-heated spaces. In this room a person will feel entirely comfortable and 
no means of heat is needed. But the condition changes if hall No. 1 is taken 
away and replaced with outside air of zero temperature, as shown in Fig. 2. A 
person in this room will cool off quickly on the side of the body nearest the 
window and there will then be the necessity for a heater. This can, as shown 
in Fig. 3, be a vertical pipe heating the surrounding air, which will move 
up to the ceiling, or it can be, as shown in Fig 4, a shallow panel placed 
under the window and stretched out over the length of the whole outside wall. 
Assume that both heaters have 10 lb. of condensation per hour in steady state. 
Nevertheless, the panel system (Fig. 4) gives more comfort than the vertical 
pipe (Fig. 3), which is quite in accord with the general rule that warm feet and cool 
head are necessary for healthy, and even more so for ailing or aged people, and 
this is fundamentally the important point. The purpose of a radiator is not to 
have a certain amount of square feet of iron or a certain number of pounds of con- 
densation, but to produce comfort for human beings. 


In the Journat of the Society, November, 1925 and November, 1926, there are 
published the experimental and mathematical proceedings necessary to arrive at 
practical results, from which reports the following is taken: 


In two test rooms (Fig. 5) of exactly the same construction and heat loss, both 
set up in a large room which is always kept at freezing point, the radiators are 
installed under exactly the same conditions and supplied with the same kind of 
steam. One of the radiators is standard and is kept unchanged during all tests; 
the other heater is the one to be tested. Its number of sections are selected in such 
a way that the temperatures measured near the center of the room and 1.5 ft. from 


1 Heating Effect of Radiators, Journat A.S.H.&V.E., Nov., 1925, Mar., 1926 and Mar., 1927. 
Presented at the Annual Meeting of the Amgrtcan Socitgty oF H&aATING AND VENTILATING 
Enornggers, New York, N. Y., January, 1928. 
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the floor are the same, in which case both radiators will secure equivalent comfort 
for human beings. More than 300 radiators have been tested in this way 
and it is pointed out that the calculation itself is simple, as shown in the afore- 
mentioned publication. 


Even if this arbitrary but practical arrangement should be changed somewhat, 
the fact remains that herewith was devised a new and comparative method of 
testing radiators with a view to their function for assuring human comfort. A 
new definition appeared on the horizon and can be stated as follows: 

Whereas, up to the present, that radiator was considered best which had the 
highest coefficient, 7. e., the highest condensation, the new method gives the greater 
value to that radiator which affords maximum comfort with minimum condensation, 
i. €., minimum material and fuel cost. 

Some important discoveries along the new line may be recalled. For instance, 
it has been stated that a certain radiator Y installed beneath the window, the radia- 
tor having 33.4 sq. ft. actual heating surface with 7.9 lb. per hr. condensation in 
steady state, gave more comfort than another radiator of 67.5 sq. ft. actual heating 
surface with 16.3 lb. per hr. condensation in steady state, the latter radiator being 
placed on the rear wall (Fig. 6). 

In a further test it was found that 90.0 sq. ft. of a certain type of radiator similar 
to that shown in Fig. 7, with 25.8 lb. per hr. condensation in steady state, gave 
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more comfort than 126.0 sq. ft. and 32 lb. per hr. condensation in steady state of 
normal radiators, in which case both heaters were placed underneath the 
window. The explanation of these and similar surprising results was found in 
the temperature on the ceiling. With radiators distributing their total output, as 
far as possible, into the lower parts of the room, the ceiling temperature is 10 deg. 
fahr. and more lower, whereby the comfort conditions are improved and a decrease 
in expenses indicated. The fact that the temperature near the ceiling is much 
lower is very important but is disregarded when radiators are tested and rated 
by condensation only. 

From the examples mentioned and a great many more one can see that the new 
revelation works in the direction of more comfort with less money, an important 
improvement in the service engineers give to the public. As the lighting industry 
was given the right start by establishing the principle that that electric bulb 
is best which gives the maximum light with minimum watt consumption, so 
our art must be pursued in the new direction. One must concentrate on the design- 
ing of radiators which will give maximum effect with minimum expense. Such a 
new definition certainly influences designing, testing, rating, estimating and in- 
stalling of all kinds of heaters for buildings. 


Testing Domestic Boilers 


A frequently used test equipment for testing domestic boilers is shown in Fig. 8. 
Boiler a, with its water line b is connected through pipe c to a tank d on a scale and 
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occasionally fed with water through line e. When a test begins, valves g and h 
are closed, the water line } in the boiler and the weight of the water in tank d 
are carefully noted. In running the test the water line falls lower and lower 
until it is necessary to refill from tank d. Then valve h is opened and feed water 
slowly admitted from d. This is done more or less frequently until the desired 
end of the test is near. Then the boiler is fed a little above its original water 
line b, valve h is closed and the operation of the boiler proceeds until the original 
water line b is reached. The weight of the water remaining in tank d is observed 
and the difference in weights between the start and finish of test taken as the 
evaporated water quantity. 

This procedure is somewhat complicated if, during the test, the water contained 
in tank d is not sufficient and a refilling with water is necessary. Then a careful 
check of the additional water weight has to be made. 

The disadvantages of this method are: 

1. The boiler is fed at certain intervals, with cold water, a procedure not 
happening in practical operation. 

2. The exact observation of the water line in a boiler under operation is dif- 
ficult and quite unreliable if quickly steaming boilers are tested, needing a constant 
feeding. 

3. If the boiler develops wet steam, the lost weight in tank d is by no means 
a measure for the evaporated water. 

4. Therefore, a water separator k is inserted in the boiler’s exhaust line, on 
the function of which the test results depend. 

5. The insulation loss of the exhaust pipe has to be taken into consideration. 

6. The whole procedure requires a great deal of careful weighing and can 
be useless if only one single error occurs in weighing. 

7. For long operation tests which run days and nights such a method is tiresome 
and relies on human work, which is not free from error. 


However, on boilers with small combustion fluctuations as, for instance, gas 
boilers, the described method is satisfactory when the necessary care is given 
and the operators are skilled. 

A simpler method and, at the same time, one of greater accuracy in the author’s 
opinion, is depicted in Fig. 9. The boiler a delivers, through line b, steam to 
condenser c, the condensate returning to boiler a by means of pipe r. In the 
condenser c the steam is condensed by water coming from an overflow tank f 
and running through pipes g and h to a weighing scale k, where its quantity is 
measured. The temperature of the incoming water is recorded by thermometer 
t,; the temperatures of the outgoing water by thermometer 4; the steam tem- 
perature by thermometer ¢;; and the temperature of the return condensate by 
thermometer ¢. 

The method has among others two important advantages which are as follows: 


1. All heat units actually delivered by the boiler are measured by means 
of the condenser, entirely independent of all errors in water line, steam pressure, 
wet steam etc.’ 


2 The heat loss of the pipes is determined by previous tests. 
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2. The boiler is under actual working conditions and, therefore, practical results 
are obtained. d is a water separator in steam line b, which, in connection with 
tank e, shows the overthrown water, making a calorimeter unnecessary. The 
whole procedure is entirely automatic, controlled by the regulator of the boiler 
and adaptable for studying constant or changeable boiler loads. 

The quantity of the cooling water is uniform because it comes from the over- 
flow tank f. The entrance temperature of this water is constant because it is 
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water of a temperature practically unchanged during the test. The boiler output 
is, therefore, determined by the temperatures of the outgoing water alone. This 
being recorded, one knows the boiler’s load at all times without making any 
weighing of the water and can, therefore, follow up the boiler’s operation very 
closely. It would even be possible to scale the range of the thermometer t, in terms 
of boiler rating. 

Each test checks in itself. The average water quantity multiplied by the average 
temperature difference between incoming and outgoing water gives, under normal 
conditions and with practically sufficient accuracy, the direct efficiency of the 
boiler, if compared with the heat value and the amount of the fuel used. 
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On the other hand, all losses can be followed very closely. There are measured 
and recorded the stack gas temperatures and the losses due to incomplete combus- 
tion, further the heat loss of the boiler’s external surface and, finally, the losses 
by combustible in the residue and soot. This enables one to determine the in- 
direct efficiency of the boiler if the chemical analysis of the fuel is known. Both 
values, direct and indirect efficiency, must check if the test has run long enough 
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and the amount of coal burned is measured exactly. No test is accepted if the 
results differ more than +2 per cent. In former years this method was made 
more accurate by placing the whole boiler on a scale, enabling us to follow up 
the fuel burned in certain periods, but this complicates the test very consider- 
ably and was found not necessary for practical purposes. 

The tests run, very often, for days and nights, only a night watchman being 
present after office hours. He knows nothing about the test operation and is just 
acting as a normal and by no means exceptionally good fireman. In the morning the 
data are taken off the charts and the test is figured in a comparatively short time. 

Three details have to be taken care of in the proper manner to obtain good 
test results: 

1. The relation between the water contents of the boiler on the one side and 
pipes and condensers on the other must be within certain limits. 

2. The insulation loss of the test installation has to be determined by previous 
tests, and 
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3. The thermometers have to be inserted in such a way that they indicate 
the average water temperature. 

There is one more important point to be discussed. Everybody agrees that 
the chimney is to the boiler what the motor is to a car. More comprehensively 
expressed, it means that the best boiler is helpless with a bad chimney and a 
poor draft. In fact, the draft is the originator of the boiler’s performance; why 
then, with that knowledge, are boilers tested in summer and winter and test results 
compared? 

A final item is this: if a person wishes to test a 20,000 sq. ft. boiler requiring 
a 100 ft. high chimney, he thinks it is necessary to erect a 100 ft. chimney to make 
proper tests. Such a case was investigated and when the chimney was first put 
in service there was an outside temperature of 95 deg. fahr., a relative humidity 
of 75 per cent, and a low barometric pressure. All this together resulted in such 
a low draft that the performance of the boiler was entirely unsatisfactory. To avoid 
such disappointments and also not to damage the landscape around the labora- 
tory, induced draft (Fig 9) is used. 

The gases are directly drawn from the chimney through a fan F and back into 
the chimney again, whereby shutter S acts as a regulator, in addition to the varia- 
tion of the speed of the fan. If the shutter is in position 1 the combustion is 
maintained entirely by gravity; if it is in position 2 the boiler works entirely on 
induced draft. Every combination between both conditions is possible. It is 
easy to understand that many people feel a boiler’s operation with a fan is entirely 
different from that with gravity chimney effect. However, scientific facts 
and a great number of practical tests will convince anybody that the boiler 
acts entirely the same way if the same draft is applied, regardless of whether 
this draft is created by gravity or fan, as long as in the latter case the regu- 
lation is in accordance with the stack gas temperature. Only one restriction 
has to be made: If a boiler has revertible flues then it might work perfectly well 
with a fan equipment, but it might not properly start in actual operation with 
a gravity chimney effect. In this case, special care must be taken and the per- 
formance of the boiler studied in two parts, namely, for starting and running condi- 
tions. The former has to be observed with natural draft, for the latter the induced 
draft equipment can be used. 


DISCUSSION 


E. H. Lockwoop (Written): The suggestion has been made that radiators 
should be rated according to useful output, or ability to heat a room, rather than 
by the older method of total heat output. This idea first came to my attention 
during the discussion of Prof. Emswiler’s paper, published in the Journa., Oc- 
tober, 1918, where it was stated that two radiators of different type, occupying 
the same position in the room, produced the same room temperature with differ- 
ences in condensation from 15 to 25 per cent. The results were presented without 
explanation, although their paradoxical nature was recognized and commented 
on. 

Dr. Brabbée has recently reported similar figures, where two different radiators, 
in the same position in the room, have given equal comfort with differences in 
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condensation of over 20 per cent. In this case the greater heat output was ex- 
plained by the higher ceiling temperature maintained when one radiator was used. 

R. V. Frost has reported similar results, showing that the total heat output 
of radiators is not always a true index of their ability to heat a room. 


It will be of interest to discover how widely similar results have been found by 
other experimenters. I have to admit, in my case at least, no such differences 
have been noted. My observation has been that differences in useful heat output 
have been roughly proportional to the total heat output of the radiator. Measure- 
ment of useful heat output from a radiator is an exceedingly difficult task, and this 
fact makes me reluctant to make positive statements about it. 

An estimate of difference in total heat output from radiators with same useful 
heat output may be made in general terms as follows: Suppose two buildings 
with rooms of identical number, size, exposure, both having same atmospheric 
surroundings. The first building is heated with radiators of high efficiency main- 
taining a low ceiling temperature. The second building is heated with radiators 
of poor efficiency maintaining a ceiling temperature 10 deg. fahr. higher than the 
first building. The installed radiation is such that an average temperature of 
70 deg. fahr. up to the breathing line is kept in each room of both buildings. 

Under these assumptions, the heat loss from the outside walls from floor to 
breathing line will be the same for both buildings since indoor and outdoor tem- 
peratures will be the same. The heat loss from outside walls from breathing line to 
ceiling will be greater in the second building, owing to higher inside temperatures. 
An estimate of the heat loss may be made from the average temperature difference, 
assuming 70 deg. fahr. room temperature for first building and 75 deg. fahr. in 
second, with 20 deg. fahr. outside temperature. 

The temperature differences will be in the order of 50 and 55 deg. fahr., and 
the heat loss may be assumed in the same ratio, or 10 per cent greater in the second 
building. This heat loss relates only to the walls above the breathing line, or to 
only one half the total wall surface. It follows that the total heat loss due to 
higher ceiling temperature might be about 5 per cent greater, and the condensate 
from the less efficient radiators might be increased by this amount. 

My conclusion is that useful and total heat outputs are probably in about the 
same proportion, but useful heat output is almost impossible of direct measure- 
ment. It follows that total heat output affords the most practical way to rate 
radiators, using the condensation method which presents few experimental 
difficulties. 


F. C. Houeutren: We should congratulate ourselves as well as Dr. Brabbée 
upon receiving the results of his careful study. Dr. Brabbée presents a unique 
method of testing which gives comparative values for two different radiators. 
Very interesting data are presented showing how one radiator under the conditions 
of the test does the same amount of work in heating a room as does another with 
about half as much steam. This is one of the most important questions before 
the heating industry at this time. 

While Dr. Brabbée shows that one radiator does the same amount of effective 
heating as another, with only half as much heat, I do not believe that we can accept. 
without further proof that this is a fundamental characteristic of the radiator 
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itself. We must consider whether it is not a characteristic of the room in which 
the radiator was tested as well as of the radiator. This thought was very well 
expressed by Mr. Mensing the other night when he stated that up to date we have 
been testing rooms rather than radiators. 

I am wondering whether these two radiators tested in rooms of different design 
might not show quite different results. It is quite possible and even probable 
that the results could be reversed by picking two rooms of particular design as 
regards height of ceiling, floor area, heat loss from the walls, position of the radiator 
in relation to exposure and other factors. 

This same question of greater efficiency in heating has been pointed out by a 
number of investigators. Work at the University of Illinois shows that the effi- 
ciency of heating by means of a warm air furnace is somewhat a function of the 
method of bringing the warm air into the room and its temperature and velocity. 

Thornton Lewis has shown that with various types of unit heaters, heating effi- 
ciency depends upon the point of admission, direction of projection and velocity 
of the warm air entering the room from the unit heater. 

R. V. Frost has shown that results similar to those found by Dr. Brabbée can 
be had from an enclosed radiator which emits most of its heat by convection which 
is entirely the reverse of the radiator which Dr. Brabbée has studied and which 
emits heat largely by direct radiation. 

This all brings us to the consideration of whether or not we can at this time jump 
to the conclusion that these results are entirely characteristic of the radiator or 
whether we must not spend considerably more time investigating the subject as 
regards different types and designs of rooms. 


R. C. Botstncer: Will Dr. Brabbée give us his thought on the question, human 
comfort, when using a radiator of the slab type as shown in his paper, particularly 
the comfort derived by the person in the room on account of the radiator being 
placed under the window, eliminating the radiation through the window from the 
human body? Will he also explain conditions with the slab type of radiator, 
using the radiant effect, telling whether or not that would cause a milder heat 
than high temperature of air circulating in the room? 


W. H. Carzter: I want to emphasize what Mr. Houghten said. My thoughts 
were running along the same line. I would like to ask Dr. Brabbée what results 
were obtained in the room that was tested by placing the same radiator in differ- 
ent positions in the room. That would answer, I think, very well the difference 
in efficiency as a characteristic of a radiator and the difference of efficiency as 
characteristic of a location. I think that all of us can recognize that the efficiency 
of location is of prime importance in laying out radiation or any other type of heat 
distribution. 

I have in mind a particular case in a factory where they were very anxious not 
to have any drafts and they wanted to cool the building in summer and heat it in 
winter. So we gave them a very elaborate distribution. It had to be an overhead 
system. ‘There was material handled that would be affected by the slighest 
draft and we worried about it so that we overdid the thinga little. We dropped in 
our usual outlet velocity of 750 to a neighborhood of 400. We had enough heating 
capacity in that building to heat it, although there was a limited air supply. The 
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building, however, did not heat in the winter; though it cooled very nicely in 
summer. There was plenty of heat there according to all calculations of heat. 
The trouble was evidently lack of forcible air diffusion. It stayed up overhead 
instead of being stirred up, as we stir up sugar in our coffee with a spoon. The 
easiest remedy was absolutely to block off half the outlets and thus increase 
the velocity. That being done, the temperature of the room under identical 
outside conditions rose just about 10 deg., that is, in the zone near the floor where 
we were interested. It was not a particularly high building. 

This shows that in this instance the lack of efficiency was due not to design of 
outlets concerned, but to wrong velocity of distribution. 

The same result could undoubtedly have been obtained by changing those out- 
lets and bringing them down to the floor, but that was impractical on account of 
the manufacturing process. Higher velocities gave us the same effect by produc- 
ing the necessary circulation of air. 

As to radiators, I think there should be very great study (as given in Dr. Brab- 
bée’s laboratory—of the efficiency of location), but I think we should try as much 
as possible to separate efficiency of location from efficiency of the radiator itself. 
Undoubtedly there is a difference in efficiency of radiators, low radiators being 
more efficient than high ones. If we could take the same radiator and put it on 
the ceiling, the heating effect would be very small, that again is a question of 
location. We should, therefore, have some means of distinguishing between effec- 
tiveness of location and effectiveness of the radiator itself in producing a comfortable 
_temperature where we want it. Undoubtedly radiators of larger radiation surface 
and smaller convection surface will produce greater comfort with a smaller surface. 
I don’t think there is any question about that, inasmuch as 30 per cent of the 
heat is radiated and that travels in straight lines. On the other hand, increasing 
air circulation has a distributing effect which may be just as marked as the effect 
of radiation. 

It is a very difficult and complicated problem. Personally, I don’t know the 
solution. 


Pror. F. B. Row.ey: The problem of rating radiators seems to me to be rather 
complicated and one that has several variables. I think the danger is that we 
are too often considering the problem with only part of these variables under 
control; the others we are neglecting partially or altogether. Mr. Carrier brought 
out some of the points which I had in mind. 

Now in Dr. Brabbée’s work he has taken a radiator, which has a large amount 
of direct radiating surface, and has put it under the window where the heat from 
it will counteract the cold currents coming down from the window and across the 
floor. Under this condition one will get greater comfort than would be the case 
if the same radiator were placed at some other poirt in the room and the cold 
draft from the window allowed to pass over the floor. 

There has been much discussion about the comparative merits of radiators 
which give off different proportions of their heat by convection and by radiation. 
In many cases comparisons have been made which have been unintentionally 
favorable to one or the other types. It is easy to understand that a radiator, 
giving off a large proportion of its heat by radiation may be placed under a window 
and keep the room temperature in a much more uniform condition than another 
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type of radiator placed in some other position in the room. On the other hand, 
the convection type might be so placed as to be given an advantage. Such experi- 
ments do not prove the superiority of either radiant or convected heat either in 
point of comfort or condensation. In other words, if each of the radiators were 
so placed as to give the same uniformity of temperature throughout the room and 
so as not to have any direct losses, I wonder if both the comfort and condensation 
would not be more nearly comparable. I think that many of the past troubles 
have been due to irregular temperatures about the room, and that comparisons 
have not been made under the same conditions. 


I should like to ask Dr. Brabbée first how he arrived at 67 sq. ft. for the radiator 
which he used. Was it by actual surface measurements or by condensation? 
Second, was the drafting room in which he used the new type of radiator equipped 
and tested with thé old type of radiation, and if so were 127 sq. ft. actually re- 
quired? 


E. A. May: I think there is one thing that we lose sight of in the arguments. 
Dr. Brabbée has brought out this particular point, that condensation alone should 
not be the exact measure of the heating efficiency of a radiator. I have here a 
pencil memorandum that was made prior to 1918 and this will answer Prof. Row- 
ley’s question, I think, because this was a radiator with 50 sq. ft. of radiation, the 
location was not changed, the temperature of the room was maintained at 70 deg., 
the pressure at the boiler was maintained at 2 Ib. In one test a box was placed 


over the radiator and in another test it was bare. In the next test the bare radia-. 


tor had an insulating board of asbestos placed behind it against the wall. Then 
the radiator was covered with a coat of aluminum and a test was made, the same 
temperature being kept. Then the insulated board was placed behind that. Then 
the radiator was given a coat of maroon Japan and tested without the insulating 
board, then with the insulating board. Bear in mind the temperature of the room 
was maintained on an average of 70 deg. in all the tests. The pressure at the 
radiator was sustained in all cases and it showed the following results: 


I am going to give the heat emission in B.t.u. per hour. In box, 234; naked, 
258; insulated, 249; aluminized, 214'/2; insulated behind the aluminized radia- 
tor, 207; maroon Japan, 250.5 and insulated behind the maroon Japan, 243; 
indicating that the radiator which had the aluminum coat and had the insulated 
board behind it emitted the least number of B.t.u., but the room was maintained 
at the same temperature. Therefore, it did it at the least expense for fuel. To 
my mind, then, it was the most effective from the heating point of view. That is, 
it was the most economical. While on the basis of total condensation the bare 
radiator showed the highest heat emission and would, if no other consideration 
were given—show the highest efficiency. 


F. D. Mensine: The question was asked, what the effect would be of the same 
radiators in different locations. Elaborating on the statement made by Mr. 
Houghten that we have been testing rooms instead of radiators, I present below 
some figures on three sets of identical radiators. These radiators have been 
tested by Dr. Brabbée and Prof. Lockwood in different rooms. They are as 
follows: 





avi tase 












Radiator 

Test room dimensions 

Lgth., Wdth., Hght. 

Date of test 

Duration of test 

Steam pressure 

Steam temperature 

Condensate temperature 

Super heat 

Room temperature 

Room temperature 

Room temperature 

Temp. surround room 

Weight condensate 
1 hour 

Heat in steam corrected t 
B.t.u. per sq.ft. rman ‘oustines 

Radiator 

Test room dimensions 

Date of test 

Duration of test 

Steam pressure 

Steam temperature 

Condensate temperature 

Super heat 

Room temperature 

Room temperature 

Room temperature 

Temp. surrounding room 

Weight condensate 
1 hour 

Heat in steam corrected to 
B.t.u. per sq.ft. nominal surface 

Radiator 

Test room dimensions 
Leth., Wdth., Hght. 

Date of test 

Duration of test 

Steam pressure 

Steam temperature 

Condensate temperature 

Super heat 

Room temperature 

Room temperature 

Room temperature 

Temp. surrounding room 

Weight condensate 1 ~ 

Heat in steam corrected 
B.t.u. per sq.ft. caaieel susinee 


These figures require little explanation. 
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Lockwoop 
45 in. 2 col. 8 sec. 


12 ft. x 8 ft. x 7 ft. 5in, 
Hs , 1926 


1 Ib. 
216. ‘deg ta fahr. 
214 deg. 

2 deg. 

84.71 deg. 1 ft. from ceiling 
77.3 deg. 5 ft. from floor 


75.0 deg. 1 ft. from floor 
73.6 deg. fahr. 


9.50 Ib. 


236 
22 in. 3 col. 14 sec. 
12 ft. x , 2 
Oc 


213.5 deg. fahr. 

2 deg. fahr. 

86.4 deg. 1 ft. from ceiling 
76.9 deg. 5 ft. from floor 
74.5 deg. 1 ft. from floor 
73.6 deg. 


10.06 Ib. 


238 
26 in. 4 col. 8 sec. 


12 ft. x 8 ft. x 7 ft. 5 in. 
Oct. 21, 1926 

2 hours 

1 Ib./sq. in. 

216 deg. fahr. 

Hay 5 tag fahr. 

2.0 ah: 


85. o dex. 1 ft. from ceiling 
76.4 deg. 5 ft. from floor 
74.3 deg. 1 ft. from floor 
73.3 deg. fahr. 

10.01 Ib. 


247 


BrasBee 
Same 
14 ft. x 9 ft. x 9 ft. 
Sept. 17, 1927 
2 hours 
1 ape i 
216.2 deg. fahr. 
215.3 d fahr. 


ahr. 
80.7 deg. fahr. 1 ft. from ceiling 
70.9 deg. fahr. 5 ft. from floor 
11/2 ft. from floor 61.4 
33.9 deg. 


9.43 Ib. 


232 


Same 

14 ft. x 9 ft. x 9 ft. 
Sept. 18, 1927 

2 hou 


rs 
1 Ib./sq. in. 

216 deg. fahr. 

215 deg. fahr. 

1.7 deg. fahr. 

77.5 ae. 1 ft. from ceiling 
72.6 deg. 5 ft. from floor 
63.4 deg. 1'/2 ft. from floor 
32.9 deg. 


9 Ib. 65/s oz. 
234 
Same 


14 ft. x 9 ft. x 9 ft. 
oes 17, 1927 


. fahr. 
1.7 deg. fahr. 
83.9 deg. fahr. 1 ft. from ceiling 
75.2 deg. fahr. 5 ft. from floor 
65. os. fahr. 1'/2 ft. from floor 


oie Bi oz. 


241 


You will note that there is only 4 to 


6 deg. difference in B.t.u. transmission per sq. ft. of nominal surface in the two 
tests, while room temperatures vary as much in places as 13.6 deg. 


My humble opinion is that you can get as many results as you design rooms, and 


that we have been testing rooms and not radiators. 


H. M. Harr: In order to save time I should like to discuss this question of 


radiator ratings. 


I think we are trying to combine two separate and distinct problems which 
should be dealt with individually. 
First, I think we should arrive at some uniform methods of rating a radiator. 
The heating engineers are very much in need of this so that they can properly 
lay out their work and also make comparisons between radiators of different 


manufacturers. 


The question of the proper location of radiators for obtaining the most efficient 


results is an entirely different problem, on which further research is necessary. 
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On the question of the location of this radiator, it was mentioned by Dr. Brabbée 
that the custom in France was to depend on radiated heat almost entirely. Our 
experience has been in large offices that the radiant heat from a direct radiator in 
a room is very objectionable. In a large office which is being occupied by a number 
of people, those who are near the radiator are made very uncomfortable by the 
radiant heat if the people at distant points are to be kept comfortable. In Chicago 
they are considering writing into the ordinance that every radiator shall have a 
shield on it to cut off that radiant heat. 


Matcoim C. W. Tomuinson: I just want to mention one little thing in connection 
with adjacent heat from radiators. Most of you folks are interested in the radiator 
that works at low pressures. Some of us, however, are interested in the type of 
radiator that works at higher pressures than we will say 5 lb. In manufacturing 
processes you often have to have higher pressures because of the temperatures 
that you desire to obtain. By varying in a vacuum dryer the type of surface 
behind the pipe coils, it is possible to maintain the same temperature with various 
pressures. I can obtain the same result, in striving to maintain 270 deg. fahr., for 
instance at 30 lb. pressure or at 45 Ib. pressure, just by varying the type of sur- 
face behind pipe coils that are adjacent to the round or cylindrical surface of the 


dryer. 


L. A. Harpine: My remarks refer to Dr. Brabbée’s statement in reference to the 
direct radiation installation in the laboratory drawing room where he stated a sav- 
ing of about 46 per cent was made in the amount of direct radiation. This does 
not appear in the paper printed in THe Journau. If I understand Dr. Brabbée 
correctly the saving of 46 per cent in direct cast-iron radiation was based on an 
estimated heat loss of this room. 

He does not state this estimated loss. A 46 per cent saving does not appear 
reasonable, however, if the heat loss estimate calculations were made in accordance 
with the present-day heat transmission factors that such a large saving would be 
possible no matter what type of direct cast-iron radiators were employed or their 
location in the room. 

If I understand correctly the saving in radiation is attributed to a type of radiator 
which tends to prevent high temperatures existing at the ceiling. If the heat loss 
through the ceiling of this room was entirely neglected, it would probably not 
account for the assumed saving in radiation. 


Dr. Brasske: It is quite a difficult thing to answer so many questions; espe- 
cially if one doesn’t understand and talk English well; however, I will try to answer 
as completely as possible. 


Professor Lockwood said that we should not compare single rooms, but houses. 
First, I think, we should concentrate on one room for the following reasons: We 
often have practical cases where we do not want much heat above the room, for 
instance, in the bedrooms of the average home. Then in many apartment houses 
some floors are unrented and are wastefully heated by high temperature at the 
ceilings. Further: In each room there develops an air circulation, and as soon as 
the room is overheated on the ceiling, the hot air passes out through the leakage of 
the windows and heat is wasted. You finally have heard throughout the entire 
discussion that not only should the radiator be studied, but the room itself. We 
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therefore would complicate our problem tremendously if we went right ahead to 
buildings instead of studying first the conditions in single rooms. From all these 
considerations, I think, that if we have first solved the problem of a single room, 
then it will be easy enough to answer the question about the whole building. 


Mr. Houghten has referred to the fact that we have to be careful not to mix up 
the testing of radiators and the testing of rooms, and that results in one room 
could just be reversed in another room. But we make our tests on a comparative 
basis; we test different radiators in the same room and the room, therefore, does 
not play any important part in the test. The test results are relative and it is 
just one of the great advantages of this method that the relative values of the 
objects tested will be unchanged in wide limits. 


These investigations were started 15 years ago when we tested stoves in small 
rooms in a cellar. Then we put these stoves into other rooms on higher floors, 
and the relative results have been the same. We went into great detail with 
these practical tests just to show that the results obtained in the small rooms were 
correct—certainly not in the second decimal point, but in a practical way; and 
this, I think, is a most important fact. 


Mr. Bolsinger asked if there was not a great difference in placing radiators be- 
neath the windows or otherwise. I have given two examples. In one, the 
radiator was on the rear wall and the other radiator on the window front. But 
we noted that such a test is not fair, because the location of the radiators was so 
different, and therefore we placed in the second example, both radiators under- 
neath the window in a different room, very much larger, and in Buffalo instead of 
New York, and yet the result was substantially the same. It is certain that if 
we concentrate the heat output more in the lower portions of the room and avoid 
overheated ceilings, we can use milder heat, less surface and less fuel, and that 
accounts for the facts Mr. Bolsinger mentioned. 


From France comes a very interesting note. They tested steam and water 
radiators under different conditions. They found that by lowering the water 
temperature more comfort was obtained from the same radiators, because lower 
temperatures create longer heat waves which secure more comfort than short ones. 


Mr. Carrier mentioned factories, but I think I have said that our investigations 
up to date are made for human housing purposes; I mean for dwellings, apart- 
ment houses, hospitals, scaools, etc., but not factories. I think I have also ex- 
plained that all our investigations were made with gravity forces and not with 
forced air circulation. 

Professor Rowley asked how the radiators were figured. In both cases it was 
actual heating surface. We could not make tests if the originally installed 120 
sq. ft. of radiation was too much, but we can show curves in which the tempera- 
ture difference between outside and inside was taken for both cases, and in study- 
ing the curves there is not the slightest doubt that with the smaller heating sur- 
faces, higher comfort conditions have actually been established. 

Mr. Mensing has shown tables indicating that with the same rediators, very 
much different temperatures in different rooms were obtained. That is just one 
more reason why we should not try to measure in an absolute, but in a relative 
way, just as we did. The very great advantage of the method outlined is that 
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by testing comparatively in equal rooms, we are practically independent of the 
arrangements of the rooms. 

Mr. Harding said that direct heat may be very uncomfortable. I have shown 
a drafting room in which the draftsmen sit very close to the radiators, and one of 
my special points was to go into this room every day and ask if anybody was an- 
noyed by direct radiation. But the men always said they felt very comfortable— 
much more comfortable than in the room they had previously used where this 
kind of radiation was not installed. 

It might be well to stress one point a little more. If we crowd too much radia- 
tion into one space, then it can become somewhat uncomfortable. The best way 
to install radiators is to distribute them everywhere where surfaces of high cooling 
effect are located, and in this case we will not be annoyed by too much radiation. 

Mr. Tomlinson said that by varying the form of the surfaces of different heaters, 
he could get better results with lower pressure, which means that by changing 
the character of the surfaces of the heaters, different results will be obtainable. 

And here comes the neck-high efficiency. I only hope that the distinguished 
gentleman who put up this question will never be uncomfortable or sick, because 
then he would very much like to have his feet warm, but not his neck. 

Practice very often goes ahead of science and America is well known for that 
fact. If you read the New York Times of last Sunday, Mr. Parker of England said: 
“English people wake up! The Americans are far ahead of you. They may not 
have the scientific investigations which we have, but they do the things, and if 
you don’t wake up, you will be very much behind.” 

Practice has often solved problems where theory could not follow as quickly, 
and many inventions have been made which were not understandable at that time 
to pure science, but nevertheless those inventions have been made and practical 
results have been obtained. I have shown you three examples taken out of 
hundreds that it is actually possible to obtain higher comfort with less heating 
surface, with less condensation, and therefore with less expense. 
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PROPOSED METHODS FOR TESTING RADIATORS 


By F. C. Hoveuten,! anp 8. R. Lewis? 


MEMBERS 


Introduction 


HE term radiator or heater as used in this discussion is meant to include any 

I device located in, or immediately adjoining a room or space to be heated, 

which transfers heat from any heat carrying medium other than air, or 
transforms some other form of energy into heat, and then transfers it, to the air 
or objects within such room. 

Thus defined the term radiator or heater will include the various types of direct 
radiators, enclosed radiators, cabinet heaters, unit heaters, flue heaters and semi- 
indirect radiators located in a surrounding wall or floor of the heated space, using 
either hot water, steam or any other heat carrying medium other than air brought 
from a distance to replace the air within a room. It will also include electrical 
heaters of any of the above forms and of stoves or open fires. It will not include 
warm air furnace, or indirect heating, where air is conditioned some distance away 
from, and then brought to the room to replace the air within the heated space. 


Function of a Radiator 


The function of a radiator or heater as defined is to supply heat for keeping 
occupants comfortably warm or for maintaining the air or objects in the heated 
space at some desired temperatures. 

A measure of the radiator’s capacity to fulfill its function depends upon the pur- 
pose for which the heat is supplied. If it is to make occupants comfortably warm, 
then its true capacity to fulfill its function will obviously be a measure of the size 
of the occupied space, or of the number of occupants made comfortable under some 
specified surrounding conditions. If its purpose is to maintain a given space at a 
desired temperature, then the volume of the space conditioned under some specified 
surrounding condition will be a measure of its capacity to fulfill that function. 


Rating of a Radiator 
The capacity of a radiator to fulfill its true function as mentioned before is very 


1 Director Research Laboratory, A.S.H.&V.E. 
2? Chairman Committee on Research. 
Presented at the Annual Meeting of the American Socrety oF HeaTInG AND VENTILATING 
Enoingers, New York, N. Y., January, 1 
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difficult to define so as to meet the varied requirements of heating practice. In the 
past, radiators were rated upon their actual external surface. More recently ratings 
have been based upon actual heat output in B.t.u. per hour or in units of equivalent 
square feet of radiation equal to 240 B.t.u. per hour. 


Ratings based upon area of surface are of little or no value to the heating en- 
gineer when applied to the various types of radiators on the market. Work of 
R. V. Frost, C. W. Brabbée, Thornton Lewis and others, has shown conclusively 
that ratings based upon heat output are not always a true measure of the capacity 
of a heating unit to fulfill its true function. 


Brabbée shows that under certain conditions one radiator heated a room to a 
comfortable temperature when using 7.9 Ib. of steam per hour, whereas another 
radiator required 16.3 lb. of steam to give like conditions of comfort in the same 
room. It would seem the part of folly to rate the second radiator more than twice 
as high just because it took that much more energy to fulfill the same function. 
It would seem from the single test cited that both should be given the same rating. 
There is, however, insufficient evidence available at this time to warrant such a 
radical step and such must await the results of extended investigation. It has not 
been proven that the first radiators mentioned will show the same relative capacity 
to fulfill its function in different types of rooms. It is quite possible that under 
different conditions of heating as regards size and shape of room, window area and 
air change, the results may differ widely or even be reversed; that is, the second 
radiator may be the more economical in some other type of room. 

Work of C. W. Brabbée indicates that most satisfactory results are to be had 
with a radiator emitting a larger percentage of its heat as direct radiation, while the 
work of R. V. Frost indicates that a radiator emitting most of its heat by convection 
is most effective. Again Thornton Lewis shows that the place, direction and ve- 
locity of heated air leaving a unit heater has a marked effect on its ability to fulfill 
its function of making occupants comfortable with minimum expenditure of energy. 


Need of Research 


These facts all indicate the great possibility of research in this field. At the 
same time the variation in the results indicate that sufficient information is not 
at hand to finally rate heaters on the basis of their ability to fulfill their real function. 


The needs of the profession and industry require study along two lines: First, 
research directed toward the establishment of more complete knowledge concerning 
a radiator’s ability to fulfill its function of economically maintaining a comfortable 
condition in occupied space; Second, research aiming toward correction of the 
chaotic condition which now prevails in the matter of rating radiators. 


Logically, perhaps, attack of the second problem awaits solution of the first. 
The magnitude of the first problem and the length of time required for its solution 
makes it desirable, however, to attack the second at once, even though only partial 
relief is promised. 

This means that we must proceed with standardizing rating methods on the 
basis of heat given off by the radiator rather than on the basis of its ability to fulfill 
its true function, pending further study of the latter. This was the feeling of the 
Technical Advisory Committee when it submitted to the Society the code which was 
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adopted at the last Annual Meeting. The Committee, with some change in per- 
sonnel was continued and now has under consideration the desirability of revision 
of this code. 


Inter-relation of Radiator, Room and Occupant 


In testing radiators for the purpose of giving them a rating on the basis of heat 
output, the selection of the test room is the most important part of the work. The 
function of the room is to simulate as nearly as possible the average environment 
of a radiator, as used in practice. The room must not be too complicated or costly 
to build, and it must be easily duplicated. The size, shape, construction and ex- 
posure of the room as well as the window area, location of the radiator and position 
at which temperatures are to be taken, are of greater or less importance and must 
be specified at least until it is proved to what extent they influence results. 

Since the purpose of the test room is to simulate the usual environment of the 
radiator, it is well to consider the function of a room as well as that of a radiator 
in ordinary heating practice. 

The function of a radiator in heating is to supply heat for making occupants com- 
fortably warm or for maintaining other objects or materials or the contained air at 
some desired temperature. The function of the room enclosure, in so far as it 
provides shelter from the cold is to minimize and control heat loss from the space. 

Consider the thermal exchanges taking place in an occupied room, heated by a 
direct radiator, and the effect of the room enclosure on the radiator. Consider the 
room as having one window under which the radiator is placed. 

Heat leaves the radiator by two distinct and well-known physical phenomena; 
by radiation and convection. 


Radiation 


Radiant energy emanates in straight lines from the radiator in all directions. 
That which is intercepted by an occupant warms him as do rays from the sun. 
Other objects intercepting these radiations are likewise warmed. If the radiant 
energy is intercepted by the enclosing walls of a room, they are absorbed, and the 
energy transformed into heat, some of which passes through by conduction and is 
lost to the outside. Some of the heat which was transformed from radiant energy 
at the surface of the wall is given up to the air in the room, thereby becoming con- 
vected heat, while another portion is emitted into the enclosed space as direct 
radiation to be reflected or transformed and absorbed when it is intercepted by 
other objects. The heat interchange between the radiator and the wall is in 
accordance with Steffens and Boltzman’s law. The radiator emits heat at a rate 
depending upon the fourth power of its absolute temperature and other factors 
including the character of its surface. The wall either reflects or absorbs that which 
it intercepts. The wall radiates heat at a rate depending upon the fourth power of 
its absolute temperature and other factors, including its projected area, the con- 
dition of its surface, and the radiator reflects or absorbs that which it intercepts. 
The resultant exchange between the heater and wall depends upon the difference 
between the fourth power of the absolute temperature of the radiator and the 
fourth power of the absolute temperature of the wall. 


- If no walls were present the radiation emitted by the radiator would be inter- 
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cepted and absorbed by more distant objects, in which case the heat loss in this 
direction would depend upon the difference between the fourth power of the abso- 
lute temperature of the radiator and such objects. If the radiant energy is not 
intercepted but is directed out into inter-stellar space, the heat loss through this 
solid angle will be maximum since the radiator will receive no heat in return. 

In so far as radiant energy from the radiator is concerned, the walls intercept and 
partially return such energy as heat to the air and objects in the heated space. 
At the same time the walls reduce the heat loss from occupants and objects in the 
heated space by radiation. The loss here again depends upon the difference 
between the fourth power of the absolute temperature of the objects in the space 
and of the walls, or more distant objects or space receiving radiation from the 
former. 


Convection 


Air warmed by, and carrying heat from the radiator by convection is confined 
to the heated space by the enclosure. The air thus confined to the room soon be- 
comes heated to the more or less even temperature desired and therefore reduces 
heat loss from the occupant and objects by convection. Heat loss from the 
radiator by convection is decreased as the temperature of the air approaching it 
rises. 

The window area differs from the rest of the enclosure in its relation to the ra- 
diator, occupant and air in the room in several respects. Radiant energy from the 
occupant and radiator is only partially absorbed. In so far as the glass is trans- 
parent, radiant energy passes through as though the glass were not there. There- 
fore, heat loss by radiation from the radiator, occupants or other objects, is in- 
creased. Heat transmission is much greater through glass than through most 
other types of wall construction, while air leaks through cracks in and around 
windows. The greater heat loss and air leakage through the window tends to set 
up different convection currents in the room than would exist were the window 
replaced by other construction. 

In summing up the inter-relation of the occupant and the radiator and wall, the 
last two have the following effects: 

1. By emission of radiant energy the radiator warms the occupant directly. 

2. By emission of radiant energy the radiator warms the enclosing walls. 

3. The radiator warms air by convection which, if it comes in contact with the 
occupant, imparts heat to him or rather decreases his heat loss to the air. 

4. The enclosing walls confine the convection currents of warm air set up by the 
radiator and tends to bring about uniform temperature of the air within the heated 
space. 

5. The enclosing walls of the room reduce the heat loss from the occupant by 
radiation. 

6. The enclosing walls reduce the heat loss from the radiator by radiation, and 
by giving part of that which it intercepts back to objects and air in the room, makes 
it available for warming the occupant. 


Test Methods 


An ideal radiator testing room would be one in which all the inter-related re- 
actions between radiator, room and occupant take place normally. It is, however, 
‘ very difficult to so design a single test room that it will meet all these requirements. 
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In testing radiators for rating them on the basis of heat output, there are two 
objects which must be given primary consideration: First and most important, 
the test must demonstrate, and the rating must reflect, the relative capacity of 
different heaters for emitting heat under some accepted conditions. This is par- 
ticularly needed because of the great diversity of types and designs of radiation 
which are now tested under widely different conditions; second, the rating should 
reflect as nearly as possible what the radiator will do in an actual installation. 

A number of methods of test have been suggested all of which aim to fulfill 
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the requirements as previously outlined. Each method has certain advantages 
but none seem to satisfactorily meet all requirements. 

Brabbée* developed a method of test by which two inner test rooms of like 
dimensions and construction are located in a larger room. The outer room can be 
cooled by refrigeration. The walls of the inner rooms are designed with the idea 
of having the same heat transmission with a temperature of 70 deg. inside and 32 
deg. outside as would result with ordinary construction with 70 deg. inside and 
zero outside. All radiators are tested with the same temperatures in the inner and 
outer rooms making it possible to test only one size of radiator of any design. The 


* The Heating Effect of Radiators—A Practical Method for Testing Radiators by Comparison— 
by Dr. C. W. Brabbée, N. Y., published in Journat A.S.H.&V.E., Nov., 1925 and 1926. 
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two inner rooms make it possible to compare the performance of two radiators 
directly. One advantage claimed for the method is that it simulates the most 
severe conditions usually met, namely, zero weather. It is referred to as a cold 
wall method. The outstanding disadvantages of the method are: First, difficulty 
and expense of cooling by refrigeration; second, it is limited to testing a radiator 
of only one size of any design if the advantage of zero outside equivalent is main- 
tained. 

R. V. Frost‘ proposed a method of test consisting of an inner test room with 
insulated walls to be kept at 70 deg. surrounded by an outer room also at 70 deg. 
Heat was to be removed from the inner room by admitting air somewhat cooler 
than 70 deg. at a measured rate. By observing the volume and temperature of 
the air entering and leaving, the heat delivered to the test room by the radiator 
could be determined. This method offers a check on the measurement of the heat 
by the condensation method and allows flexibility in the size of radiator tested. 
It involves a difficult complication, however, in requiring accurate measurement of 
temperature and volume of circulated air. It also provides unnatural air currents 
in the test room and unnatural temperature gradients through the walls which may 
materially influence the rate of heat emission by the radiator. 

Prof. E. H. Lockwood has suggested a method of test using one inner test room 
in a larger outer room. The walls of the inner room can be made of any tight 
construction since heat transmission through them is not a factor. The side of the 
inner room opposite the radiator has two large openings, one for entrance and one 
for exit of air. The temperature of the outer room is kept constant, 68-70 deg. as 
nearly as possible. The temperature of the inner room will automatically become 
constant in a short time, varying in different parts of the room according to the size 
of radiator and of the air openings. The air flow through the room is wholly by 
gravity due to change in density. The advantage claimed for the method is that 
it will provide flexibility of heat loss by air circulation thereby making it possible 
to test radiators of different size. It has been referred to as a warm wall method. 

The disadvantages of this method are that it gives unnatural air circulation in 
the room, and unnatural temperature gradients and heat flow through the walls 
because of lack of normal low outside temperature. These unnatural conditions 
may influence the rate of heat loss from the radiator. 

The Technical Advisory Committee on Radiation in its code for testing radiators 
for rating purposes, which was adopted by the Society last January, specified a 
test room consisting of one chamber within another. The inner room is to be built 
of any comparatively air tight construction having low resistance to heat loss by 
transmission. It is to be maintained at 70 deg. at the breathing line in the center 
of the room. The temperature of the outer room is to be varied so that the trans- 
mission through the wall from the inner to the outer room will take care of the 
heat emitted by the radiator in 70 deg. air. 


The advantages claimed for this method are flexibility in the size of radiator which 
can be tested, without unnatural air currents, and with approximately the same 
mode of heat loss from the room as takes place in practice. Its disadvantages are 


on 198 poems Code for Rating and Testing Radiators—by R. V. Frost, Journat A.S.H.&V.E., 
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lack of normal temperature gradients through the wall and lack of normal low 
temperature outside. 

Another suggestion for the design of a test room is, that flexibility of size of 
radiators which can be tested can be had by installing a heat absorber in the form 
of cooling coils on the inside walls of the inner room. This would add flexibility 
to the advantages of the Brabbée method, without the excessive air circulation. 
It would inject the disadvantage of unusual temperature of surfaces in view of the 
radiator and would set up unusual convection circuits in the room. 


Characteristics of an Ideal Test Room 


From analysis of the three methods given, it appears evident that an ideal test 

room should have the following characteristics: 

1. It should make possible the testing of radiators varying in size up to at least 
40 and possibly 75 equivalent square feet. 

2. It should not be subject to excessive or unnatural air currents. 

3. Heat loss from the room should be natural, that is, largely by transmission 
through the walls. 

4. Temperature gradients through the walls should be normal. That is, it should 
preferably be a cold wall method. 


The reason for the first three desirable characteristics mentioned is obvious. 
The effect of the cold wall method on results may bear further analysis. 


A cold outer room results generally in a lower temperature of the inside surface 
of the wall of the inner room which in turn increases heat loss from the radiator 
to this surface by direct radiation. The cooler inside surface also stimulates con- 
vection currents within the room. A radiator will, therefore, receive a higher rating 
from tests in a room having a lower temperature of inside wall surface because of 
greater loss due to both direct radiation and convection. 


A lower outer room temperature will also increase exchange of air between the 
inner and outer rooms. However, unless the air change due to this cause is great 
enough to lower the temperature of the air in the inner room, its only effect on the 
radiator will be that caused by increased circulation. Hence with a reasonably 
tight wall the effect of increased infiltration due to a lowered outer room temper- 
ature may be ignored. 

The inside surface temperature of a wall depends upon the thermal transmission 
constant for the wall as well as upon the temperature of the outside air. With 
70 deg. air in the inner room and zero air in the outer, an 18-in. brick wall with 
furring, lath and plaster will transmit 9.8 B.t.u. per sq. ft. per hr. and will give an 
inside surface temperature of 59.5 deg. Thirteen-inch, 9-in. and 4-in. brick walls 
of the same type will transmit 11.9, 14.0 and 17.5 B.t.u. per sq. ft. per hr. and will 
give inside surface temperatures of 57.2, 54.9 and 51.2 deg., respectively. If the 
9-in. wall and zero outside is accepted as satisfactory for the radiator test, then it 
would be just as well to choose the 4-in. wall with a 14 deg. outer room temperature 
which would give the same heat flow of 14 B.t.u. per sq. ft. per hr., and the same 
inside surface temperature of 54.9 deg. Likewise a '/;-in. plaster wall on metal 
lath would give the same heat flow per unit area of wall, and the same inside surface 
temperature—which is the only factor affecting the radiator—with an outer room 
temperature of 39.9 deg. A sheet metal wall would allow a much smaller tempera- 
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ture difference between the inner and outer rooms with the same inside wall tem- 
perature of 54.9 deg. If the inside surface of the sheet metal were painted, this 
condition would probably be obtained with a greater rate of heat flow, since the 
surface transmission constant for a painted surface is probably higher than that for 
a plaster surface. 

The figures given are obtained by computation from values given in Tae Guipg. 
The total transmission per square feet per hour for any wall being obtained by 
multiplying the transmission constant from Table 6, of Taz Gurpr 1926-7 by the 
temperature difference. The difference between the inside air and inside surface 
temperature was found by dividing the total heat flow in B.t.u. per hour by the 
surface coefficient. 

It should be pointed out that the inside surface temperature, the outside air 
temperature and heat flow will have the values indicated above for any given room 
only with a radiator of one size for any type, and that if one could decide that any 
set of conditions as regards outside air temperature and inside surface temperature 
were ideal that ideal would only be realized in testing a radiator of one particular 
size. It, therefore, follows that if the test room is to accommodate radiators of a 
wide range of heat output then any accepted ideal of wall temperature can only 
be approximated. 

It also follows that if it were possible to decide upon any desired outside temper- 
ature as ideal and any wall construction as typical, the resulting inside surface 
temperature which is the only factor affecting the radiator can be had with some 
other wall construction giving the same total transmission with a lower outside 
temperature. This holds rigidly true for all the wall area except that portion near 
the radiator which is heated by it to a higher temperature and for the window area. 


It was pointed out previously that ideal cold wall conditions could be had only 
for one size of radiator in any given room. It is interesting to see what size room 
of a certain type of construction will accommodate radiators of different sizes. 


If the ideal of outside temperature and construction mentioned above (namely, 
the equivalent of 9-in. brick with furring, lath and plaster with 70 deg. inside and 
zero outside) is accepted, then Columns 5 and 6, Table 1, give dimensions of a room 
built of 9-in. brick with furring, lath and plaster which will lose heat by trans- 
mission through all four side walls at the rate per hour indicated in Column 1. 
Columns 2, 3 and 4 give the least number of sections of column radiation and the 
kind of sections necessary to emit heat at approximately this rate. Columns 7, 
8 and 9 give, respectively, the temperature difference between the inner and outer 
room, the outer room temperature and the inside surface temperature of the wall 
of the inner room for the different rates of heat outputs in a 12 x 15 ft. room of the 
same kind of construction. The table indicates very clearly that a room designed 
for testing a wide range of radiators can only give appreciable advantage of cold 
wall conditions for a small part of this range. 


A Practical Test Room 


In view of previous statement and because there is greater need for a rating which 
will reflect the relative capacity of different radiators to emit heat than there is 
for a rating which will reflect accurately the true capacity of the radiator for heat- 
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ing under certain definite conditions, it would seem wise to waive ideal cold wall 
conditions for greater flexibility and simplicity. 

In the discussion so far only an inner room cooled on all four sides has been con- 
sidered. Such a condition is unusual in practice. A room exposed only on one 
side with the radiator near this wall is most usual. It is probable that convection 
currents and heat emission by direct radiation differ widely in rooms having one 
or more exposures. In fact it is quite possible that the number of exposures has 
a greater effect on the heat output of a radiator than the outside temperature. 
It would seem desirable, if possible, to have the test room exposed only on one 
side. 


Provided sufficient cooling can be had through the smaller area of one wall, it 
would be more convenient and would probably make the testing equipment less 
expensive. If artificial cooling is resorted to, and under any conditions it will be 
highly desirable that it should, it can probably be more easily applied to the one 
side of the room. Fig. 1 illustrates what would seem to be a convenient and effec- 
tive test arrangement, which would as nearly approximate actual conditions, as 
is possible with flexibility. 

The outer room would be kept at 70 deg., thereby approximating a room with one 
exposure, that is a room in a building with adjoining space heated. The construc- 
tion of the inner room walls with the exception of the exposed wall AB would not 
matter so long as it was substantially air tight. The construction of the exposed 
wall would depend upon the rate of heat transmission desired and temperatures 
available. It must be substantially air tight. It could well be built of sheet metal, 
thereby allowing maximum heat transfer with minimum temperature difference. 
Painted sheet metal should give no different surface effect than any other painted 
wall. If greater resistance to heat flow is ever desired, this could be accomplished 
by adding some such material as wall board or celotex to the sheet metal surface 
on either the inside or outside. It must, however, be applied with uniform contact 
and form a smooth even surface. Considerable flexibility in heat loss from the 
exposed surface could be had in this way or by blanking off part of the exposed 
wall with cork board. 

A window may or may not be contained in the wall exposed as is desired. The 
window would only partially represent actual conditions in that it would not permit 
direct radiation to a low temperature. While no room is found without at least 
one window, there are perhaps as many rooms with more than one window as there 
are with only one, and it is not universal practice to place a radiator under the 
window. These facts, together with the added complication which a window makes 
without any considerable advantage, would suggest leaving the window out of any 
test room built. 


Suggested Method of Attack 


There are a number of questions in connection with rating of radiators and 
method of test for that purpose which are not answered by the published infor- 
mation available. It is hoped that this discussion will aid in their solution by 
bringing out many facts which are no doubt to be had from work already done by 
the several interested laboratories. It would seem that the Laboratory would serve 
the Society, Profession and Industry best by building an experimental test room 
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and by endeavoring to find a solution to these questions which cannot be otherwise 
disposed of. Among such questions are the following: 


1. Should a new unit of heat output be used in rating radiators to replace the 
equivalent square foot defined as 240 B.t.u. per hr. which has a double and confusing 
meaning? A new unit to be called a Kent has been suggested. If adopted, a Kent 
will be defined as some definite rate of heat output in calories or B.t.u. per hour. If 
adopted this new unit should represent some whole number of heat units which can be 
easily divided into the estimated heat loss from the building or room to be heated as 
for example: a Kent may be defined as 250, 500 or 1000 B.t.u. per hr. and units of 
radiation will then be rated as so many Kents per section or unit. 

2. Is condensation the best measure of rate of heat output from the radiator? 


3. What should be the size of the room? 


TABLE 1. Size oF Room NECESSARY FOR DIFFERENT RATES OF HEAT Loss witH 70 

Desc. TEMPERATURE DIFFERENCE. ALSO TEMPERATURES NECESSARY FOR SAME HEAT 

Loss FROM 4 WALLS oF 12 x 15 x 9 Fr. Room wit 70 Dec. INsipE Arr. 9 IN. Brick 
WALL WITH FurRRING, LATH AND PLASTER 


Heat Type of Radiator Dimensions of Room Temperatures for Heat 
Out- Approximately Giving Heat Loss from Loss from 4 Sides of 
put Giving Heat Out- 4 Sides for 70° Inside 12 x 15 x 9 ft. Room with 
put, and 0° Outside, 70° Inside, 
No. Col- Area of Dimensions Temp. drop Outside Inside sur- 
sections umns Height wall of room air to air temp. face temp. 
600 1 1 20 42.9 lx 1.4 6.2 63.8 68.7 
1000 1 2 23 71.4 lx 3.0 10.3 59.7 67.8 
2000 1 4 32 142.9 3x 5.0 21.2 48.8 65.6 
3000 1 4 45 214.3 5x 6.9 30.9 39.1 63.4 
4000 2 4 38 285.8 7x 9.9 41.2 28.8 61.1 
5000 2 + 45 357.2 9x 10.9 51.5 18.5 58.9 
6000 3 + 38 428.5 11 x 12.8 61.8 8.2 56.7 
7000 3 + 45 500.0 12x 15.8 72.0 — 2.0 54.5 
8000 4 4 45 571.5 15 x 16.8 82.4 —12.4 52.3 
10000 5 + 45 714.5 18 x 21.7 102.9 —32.9 47.9 
12000 6 4 45 857.5 22 x 25.6 123.5 —653.5 43.4 


4. At what point in the test room should the temperature of 70 deg. be main- 
tained as representing that of the room? 

5. What difference in heat output will a radiator show depending upon the tem- 
perature of the outer room or upon the temperature of the inner surface of the inner 
room? 

6. Is it feasible to test radiators in a room with only one exposure, and how much 
will the heat output of a radiator tested in such a room differ from that shown for the 
same radiator tested in a room with four exposures? 

7. Is the rate of heat loss from the radiator materially affected by removal of 
heat from the test room by transmission through the walls rather than by air change? 

8. What correction should be applied to the heat output from a radiator when 
tested in a room at a temperature other than 70 deg? 

9. How best can the temperature of the outer room be maintained? 


DISCUSSION 


Konrap Meier (Writren): For a number of years the writer has been advo- 
cating research on radiation, particularly in reference to the proper application 
of the heat within the room, which had remained a neglected phase of the art. 
In the August number of THe Journat the Advisory Committee on Radiation 
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has asked for criticism and suggestions regarding the proposed tests. The paper 
on the method of testing by Messrs. Houghten and Lewis, published in December, 
now gives the opportunity to present this in the form of discussion, reference being 
made to the set of questions raised. 

1. There seems to be no valid reason for a new method or unit of rating. The 
heat output or the emission, like the heat losses, can always be expressed in B.t.u. 
or an equivalent, although there is little excuse for the latter. The room heating 
efficiency to be tested in particular is not dependent on the radiator alone. If 
only for that reason, it could not be stated in reference to it with any degree of 
fairness. It is a relative value to be expressed by itself as the ratio between the 
theoretical heat requirement of the room and the actual heat that must be ex- 
pended for attaining the desired temperature in the occupied zone. Inasenseitisa 
criterion of quality in heating, defined by the delivery of the heat at the proper 
time and place and resulting from design, manner of application and location 
relative to the exposure. 

2. The condensation method is probably the most reliable one for determining 
the heat output and is easily applied to the present purposes. 

3. The size of the test room would seem to be immaterial, if presenting no un- 
usual conditions, particularly as to height. It would be interesting, however, to 
test with different heights of ceiling, which might be practicable to obtain. 

4. For the purpose of this investigation temperature readings should be taken 
at different levels and parts of the room, which would show the distribution and 
delivery of the heat. In doing this, the time should be noted within which com- 
fort is attained. And for these tests it seems proper to deviate from the usual 
standard of 70 deg. fahr. at 5 ft. from the floor and adopt the more expressive one 
for knee height, in which case a lower temperature will be found acceptable. 

5. The heat output may not be materially affected by cold inside wall surfaces, 
but these would certainly result in a different distribution of temperature or room 
heating effect. Moreover, the time for reheating, as well as the factor of heat 
absorption would be abnormal. 

6. Itis not only feasible to test radiators in rooms with only one exposure, but 
proper to do so if we are to determine the most efficient way of taking care of the 
transmission and infiltration as leading to uniform temperature in all parts of the 
room. According to the distribution, the heat expended will deviate from the 
calculated amount. The latter being easily checked, we shall be able to establish 
the room heating efficiency for a clear-cut and most frequently occurring situation. 
Sufficiently accurate conclusions can be drawn from this for rooms with more than 
one side exposed. In fact, absolutely accurate figures would be of doubtful value 
in view of the great diversity of conditions met in practice. For similar reasons 
little would be gained by knowing the effect on the output of one radiator for four 
exposed sides, in as much as this unit would have to be larger than good practice 
would demand, unless it should be shown that there is no advantage in placing 
the heating surfaces with a view to neutralizing the effects of exposure. 

The test room should be suited not only for determining the output. It should 
at the same time permit observation of the room heating efficiency for identical 
conditions and equipment. Thus only the kind of radiation, its manner of appli- 
cation, exposed or screened, and the location would be varied as required for com- 
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parison. If provided in that sense, the one-sided test room proposed by the authors 
would seem to answer all purposes, since it will be easy enough to maintain the 
other three sides at desired temperatures and, for further investigations, to effect 
some cooling of the floor, the ceiling or the corridor wall by suitable controlled 
connection with the cooling arrangement. 

7. The output of the radiator is likely to be affected by the removal of the heat 
through air alone, since that method would result in air movements entirely dif- 
ferent from those created naturally and such air currents would also make a dif- 
ference in regard to the distribution of the heat, which is under investigation. 

8. If the test room is kept within a few degrees of the normal temperature, no 
correction would be necessary outside of that due to temperature difference be- 
tween the room and the heat carrier. However, for the purpose of determining 
the room heating efficiency such excess temperature should be avoided. It seems 
practicable to do this, if the unit to be tested is of stated capacity equal to the heat 
loss of the room and made up so that sections can be added or omitted in case of 
unexpected material discrepancies. 

9. The arrangement of cooling coils suggested in the paper should serve very 
well, if used in connection with a wall and window of ordinary construction and 
known thermal properties. A sheet metal partition as shown would not represent 
normal conditions, as desired for instance, when testing radiators under windows 
where the heating surface is placed on a solid wall, but below the principal cooling 
surfaces. This wall should be not less than 16 in. and the sill of usual height and 
design. Again, a fair-sized window would give the desired opportunity to quick 
variation of test conditions within certain limits without disturbing other factors. 

It seems entirely feasible to run these tests not merely to complete and confirm 
our data on heat emission or the output of radiation, but at the same time to clear 
certain points regarding the application of the heat as affecting the room heating 
efficiency. They should include the different types of exposed surfaces, as well as 
the screened, the modern invisible and other indirect devices, but each in the lo- 
cation for which it is intended. Indeed, not many patterns are equally well suited 
for inside walls and under windows. To obtain comparative data for these uni- 
versal ones in different locations will be interesting, though less important than the 
findings in regard to the kind of radiation, the manner of application and the lo- 
cation that will give the highest room heating efficiency and will require the least 
output for reheating and for maintaining greatest comfort in general. This in- 
formation is not essential for calculating the amount of heating surface to be in- 
stalled and probably there will be no need of revising our figures in that respect, 
except that allowances might suggest themselves for unfavorable location. If 
poor room heating efficiency has not received more attention heretofore, it is be- 
cause it can usually be made up by greater intensity and duration of service, that 
is, by giving more steam. Nevertheless, it will be worth while to save the extra 
steam thus uselessly expended, in as much as conditions in other respects can be 
improved by selecting and applying radiation with a view to efficiency rather than 
the usual commercial considerations. It will also be most timely to know the facts 
regarding the various devices that have come up of late to satisfy the aesthetic 
sense. Possibly it will lead to other solutions, that would be acceptable from all 
points of view, including the hygienic, which is too often lost sight of, but undoubt- 
edly deserves more attention. 
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E. H. Lockwoop (Wrirren): The design of a radiator test room is an im- 
portant topic, since upon it will depend largely the cost of the equipment. Some 
types of test rooms may require an initial outlay of several thousand dollars for 
insulating material and refrigerating machinery, followed later by rather heavy 
operating expenses. It is proper to inquire whether the costly apparatus has 
advantages which will justify its use. 

Radiator test rooms may be divided, for purposes of discussion, into three 
general classes whose characteristics may be described roughly as follows: 

Class A. An existing room of moderate size with one or more walls having 
outside exposure, which can be devoted temporarily or permanently to radiator 
testing. Present handbook data for heat output from radiators have been 
obtained almost exclusively from rooms of this class. By using care, under favor- 
able weather conditions, reasonably satisfactory results can be had from this type 
of room. Its drawbacks arise from uncontrolled variations in outside tempera- 
ature, direction and velocity of the wind, sunlight and variations in size and 
exposure of each test room. 

Class B. A room of specified size and construction, wholly or partly surrounded 
by an artificially cooled room, the latter having heavily insulated walls to prevent 
heat loss. The advantage of this arrangement is the uniformity of temperature 
that can be maintained in the test room at all seasons of the year. Its chief 
disadvantage is the initial cost and operating expense, which in most cases will 
render the equipment prohibitive. A further drawback is inability to handle 
conveniently radiators of different heat output. The equipment is slow and 
cumbersome, since the refrigerating machine must run many hours to reach the 
steady temperatures required for beginning a test. Few test rooms of the Class B 
type have been built. An excellent example will be found at the Brabbée Labo- 
ratory of the American Radiator Co., which was completely described in THE Jour- 
NAL, November, 1925. 

Class C. A room of specified size and construction, surrounded by a larger 
room maintained at approximately 70 deg. fahr. The test room in this case can 
be made of inexpensive material, such as composition board, and can be located 
in some convenient part of a shop or laboratory where a fairly constant indoor 
temperature is maintained. The novel feature of this type of room is the use of 
openings in the walls remote from the radiator, by which hot air can escape from 
the test room by gravity circulation, with replacement by continuous inflow from 
the surrounding room. 

An experimental test room of this type has been in use at Yale University for 
the past two years, where it has been found to possess the good features of the 
other types, simplicity of operation and consistency of results. A photo of this 
room is shown in Fig. A. An interesting characteristic of this room is that the 
temperature from floor to the 5-ft. level is controlled almost wholly by the tem- 
perature of the surrounding room, and is practically unaffected by the heat output 
from the radiator. The average temperature at the center of the room up to 
the 5-ft. level is found to be only about 2 deg. fahr. higher than the surrounding 
room. The average temperature at the ceiling is from 6 to 12 deg. fahr. higher 
than the surrounding room, varying with the heat output from the radiator. 

All points of this test room will assume a steady temperature within an hour 





88 TRANSACTIONS AMERICAN Society OF HEATING AND VENTILATING ENGINEERS 


after steam is turned on, thereafter rising or falling with change of temperature 
of the surrounding room. As might be expected from steady temperatures, the 
condensation rate from the test radiator has been found extremely uniform, per- 
mitting close duplication of tests when desired. It was anticipated that this room 
with warm walls, would yield less condensation than the Class A room with outside 
wall exposure. Tests proved, however, that condensation from the warm wall 
room checked closely with tests of same radiators at the Mason Laboratory in 
the Class A type of room, also with figures from the American Society oF HEATING 
AND VENTILATING ENGINEERS’ GuibE for the same size of radiator. 


An interesting comparison was made later with the Class B room, using the 


Fic. A. WarM WALL Rapiator Test Room at Mason LABORA- 
ToRY, YALE UNIVERSITY, NEw HAVEN 


refrigerated test room at the Brabbée Laboratory through courtesy of the American 
Radiator Co. Five different cast iron direct radiators were chosen for these tests, 
of diverse sizes from 2 to 5 columns. One of the test radiators was of new panel 
design, of low height and great width in proportion to its surface. General par- 
ticulars of the radiators will be found in Table 1, also the heat emission expressed 
in B.t.u. per sq. ft. per hour, per degree of temperature difference. 

Comparison of the percentage differences in the last column shows quite close 
agreement in heat output for the four-column radiators, but considerable dis- 
crepancy for the special panel radiator, with larger figures for the warm wall room. 

It can hardly be claimed that the difference found in this example indicates a 
defect in the principle of the warm wall room. It indicates, rather, that the 
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warm wall test room was too small for the radiator, which occupied practically 
the whole of one side of the room. 


In view of this showing I think it fair to assert that a radiator test room of the 
type called Class C deserves consideration as a possible substitute for the test 
rooms denoted by Class A and Class B, having most of the advantages of the 
latter with none of their disadvantages. It has been charged that the warm air 
room with its openings into the surrounding room, has an unnatural air circulation 
which will influence the rate of condensation in the radiator. Our tests have failed 


TABLE 1. ‘Tests oF Cast IRON RADIATORS IN WARM AND COLD WALL Rooms 


Heat output in B.t.u./sq. ft.-deg.-hr. at 1 lb. and 70 deg. fahr. 


Height, Cold Warm iff. 
Columns Surface Wall Wall k 


Two col. 40 232 236 
Three col. 42 234 238 
Four col. 40 241 247 : 
Five col. 42 239 242 ‘ 
Panel, 7 ft. long 30 280 325 16. 


to show any such influence on the rate of condensation. There seems to be little 
ground for the charge that the circulation is unnatural in the warm wall room, 
since in either type of room the only circulation possible is for the warm air to 
rise above the radiator, being replaced by inflow from the lower part of the room, 
thus keeping up a steady gravity air circulation. 
Referring to the questions brought up for discussion, I do not favor a new unit 
to replace 240 B.t.u. per hr. as the equivalent of 1 sq. ft. of radiation, for the 
reason that the latter unit already has been widely adopted for boiler and radiator 
work, and has been found fairly satisfactory in practical use. It would be unwise, 
perhaps impossible, to change it now. Probably the 240 B.t.u. unit is not more 
illogical than that for boiler hp., which has existed for many years in spite of efforts 
to introduce a new unit. 
A standard method of reducing radiator heat output from any room tem- 
perature to equivalent at 70 deg. fahr. was described in the Report of the Advisory 
Committee on Radiation, JourNau of the Society, March, 1927, adopting a sug- 
gestion from Dr. Brabbée to conform to the best European practice and confirmed 
by experimenters in this country. If the actual room temperature is denoted by 
t and the steam temperature by h, the correction factor will be expressed by 
= 1,3 

( ; *) . The correction factor will be a number of little greater, or a 
~~ 

little less, than unity depending on whether ¢ is greater or less than 70 deg. fahr. 

Logarithms may be avoided in this calculation, if desired, by using an approxi- 
mate expression based on power of a binomial, (1 + z)!3 = 1+2+0.32. To 


a 1,3 
illustrate the application of the approximate method, suppose (‘ 2) = 1,05. 
ba 
By logarithms, (1.05)'-? = 1.0655. Approximate rule, 1 + 0.05 + 0.3 x 0.05 = 
1.065. If the ratio is less than unity, the signs in the approximate expression 


ie 1.3 
will be negative, thus: if “ ac = 0.95. By logarithms, (0.95)!:* = 0.9355. 
as 


Approximate rule, 1 — 0.05 — 0.3 x 0.05 = 0.935. 
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I have heard occasional criticisms of the table of conversion factors in Chapter 
II of Tae Guin, saying that the factors were too small. That there is some reason 
for this criticism can be seen from inspection of almost any part of the table. 
For example, for steam temperature 215 and room temperature 80 deg. fahr., 
the factor in Tae Guipe for reducing heat output to 70 deg. fahr. room temperature 
is 1.064. In this case the ratio of the temperature differences is 1.074 and the value 
(1.074)!-* is 1.096. It will be hard to explain a factor lower than the temperature 
ratio 1.074. 


S. R. Lewis: I am going to ask permission to interject a little thought of my 
own about this matter of the Kent. It is difficult to tell just what I did mean 
when I proposed this new term. I sympathize with Dr. Brabbée. I don’t believe 
in being conventional. His continued reiteration of the discovery that we can 
get more comfort out of a radiator and condense less steam in that radiator than 
we can with some other radiator appeals to me. This proposition of a Kent, 
then, is simply an expression of the efficiency of a radiator in terms of comfort. 
The term is just a short-cut and it will be helpful if we can conceive the comfort 
effect of the heat given off by a radiator. 


Dr. C. W. Braspée: We are very much in favor of what Mr. Houghten sug- 
gests, however, there may be some difficulties arising from the kind of test room 
used. I would like, therefore, to make some additional suggestions, but before 
doing so I refer to Mr. Houghten’s statement that one of the first questions to be 
studied will be if the condensation is actually a measurement for human being 
comfort. I am sure, after considerable study, Mr. Houghten will reach the con- 
clusion that the condensation is not a means for judging human comfort, and 
from this moment on the real investigations and real progress will start. 

We actually do not know what heat is and how heat influences the human body. 
Therefore, we should be very careful and should not erect in those test rooms 
theoretical walls which are not used in practice. I mean we should not use steel 
walls, but walls of a practical nature. And for the same reason I think there 
should be windows in those walls because the air currents on the windows 
influence very much the comfort feeling. From all the reasons discussed this 
afternoon I think those investigations will have a much greater benefit for the 
Society, the industry and the public if comparative instead of absolute tests are 
made, because only comparative tests can eliminate the influence of the dimensions 
and the special set-ups of a single test room. 

In introducing Konrad Meier’s paper, Mr. Lewis said that he cannot prove it 
but according to his feelings we are right in the principle that different radiators 
of different designs can give more comfort with less fuel consumption and I am 
very glad that this feeling prevails. 

R. V. Frost: The authors propose a new term, the new unit, Kent, to be used 
in rating radiators in place of the present equivalent square foot unit. I wonder 
if they really intend to state it just that way. It seems to me that if we use a 
new term, it must be distinguished from the square foot unit. That is, the square 
foot unit must be retained but the new unit will be used to designate the heat 
output; or the radiator output instead of the input. 


Mr. Lewis: The radiator output expressed in comfort. 





YLIM 














Discussion ON Proposep Metuops For Testinc RapiaTors 


Dr. BrapBée: The useful radiator output. 


Mr. Frost: Then, if we use the word Kent to express comfort, does that mean 
efficiency? Are efficiency and comfort the same thing? 


I think it will have to be considered as nebulous as Mr. Lewis has expressed it 
until we come down to a definite idea of whether there is a difference between 
comfort and efficiency. Mr. Fansler says, “What is comfort anyway?” These 
are questions that we have been studying in radiation and they must be settled 
before we can tell very much about determining what a new unit represents. So 
this expression “Kent” is something, as Mr. Lewis says, that is quite nebulous. 
We cannot decide upon it now. We have too many questions to settle in regard 
to what takes place in a radiator; that is, what is radiator performance, before we 
can settle upon a term such as the word “Kent’’ implies. 


R. C. Boustncer: The question of the method of testing radiators and the 
question of rating radiators, I think, should be separated. We have our code 
which was adopted which shows 240 B.t.u. value equivalent to a square foot of 
heating surface. Well, the engineer and the industry do not seem to have accepted 
that basis of rating radiators. In other words, the trade seems to have gone back 
to the idea that a square foot of radiator surface means 144 square inches and not 
240 B.t.u. Several of the radiator manufacturers have got out the new tube 
type of radiator and have rated their radiators on the 240 B.t.u. equivalent, 
showing it in their catalog on that basis, and what has been the outcome? The 
heating contractors and engineers will not accept it. So a lot of them have gone 
back to rating the radiator on the standard basis of 5 ft., 3'/2, 3, 2°/,. So I think 
this is a question that ought to be given consideration. It is all right to rate a 
radiator or test a radiator and give a total B.t.u. output, but I think the engineer 
and the heating contractor who installs it is looking for something simple and he 
is satisfied with the 5 ft., 4'/2 or 3'/, ft. 


F. D. Menstna: The question before the house as I see it, as far as comfort 
goes, is, how is the heating contractor and how is the engineer going to figure out 
comfort under those conditions? The same radiators, but two different rooms. 
How many jobs does the engineer get that are alike? I don’t think we are at 
the point where we can start to talk comfort until we know what our radiator 
itself will do. 


We figure the loss of a room or a mill or an apartment in B.t.u. and just as 
many B.t.u. must be put into that room as are lost to the outside. The question 
of comfort is something that should come later. Comfort is something I know 
nothing about. If you put 60 people in a room you will get 60 answers regarding 
comfort. What we all want to know is how many B.t.u. a particular radiator 
will give off. We can rate an electric motor; we have no trouble in doing so; we 
measure input and output and we don’t care whether it is going to be hitched up 
to a loom or a blower; we don’t worry what kind of a room we are going to put it 
in. The electrical engineer knows where he stands, but there isn’t a man in this 
room that knows where he stands on a radiator. As I view the situation, the 
manufacturer of that radiator is entitled to all that radiator will do; no more, no 
less; and what it will do is the amount of heat it will throw off, we will say, in a 70 
deg. atmosphere setting clear and free. Then as engineers it is up to us to figure 
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factors of safety for different locations. I think the whole problem is one of 
factors, but we will never be able to get factors until we get maximum output. 


The Society’s Boiler Code Committee with whom I did not agree at first but 
I at least had brains enough to keep my mouth shut, I now agree with absolutely. 
Their code plans to bring out all that a boiler will do and the manufacturer is 
entitled to credit for all that boiler will do. If the engineer can’t get the maxi- 
mum output from it, that is his fault. How is a boiler manufacturer going to 
know where that boiler is going to go?_ There is only one man that does, or should— 
the man who is going to put itin. The same is true of the radiator. We have got 
to find out what the radiator will do when operating under maximum conditions, 
but if we attempt to test radiators under every possible room and structural 
condition, nobody here is ever going to get the answer, neither are our children’s 
children. 


PresipEnt ANDERSON: That is putting this matter off some time. Mr. Howell, 
I would like to have you say something on this subject as you have been identified 
with this question of testing radiators for.a great many years. 


F. B. Howe ..: I would like to observe that no two vertical inches of any heating 
radiator’s height have the same heat emitting value. The first foot from the floor of 
a radiator does about three times the work that the third foot does and the second 
foot proportionately. These are not exact figures, but the third foot from the 
floor has much less air warming value than the first foot, though each foot of 
surface of any radiator embodies the same quantity of metal—and costs equally 
as much to make. 


The surface in a heating boiler is a typical example. A boiler might have 100 
sq. ft. of heating surface, 10 ft. of which might be the crown sheet, 20 ft. of which 
might be the roof of the flues, and 20 ft. of which might be the floor of the flues. 
You might specify the crown sheet surface 100 per cent for heat transmission— 
the roof of the flue galleries 40 per cent—and the floor, especially if thickly covered 
with soot, which is usually the case, zero; and yet the boiler has 100 sq. ft. of heat- 
ing surface. It is about the same for the radiator. Let’s distinguish the radiator’s 
efficiency by its literal heat emission in B.t.u. The factor 240 has been the 
equivalent since the beginning of the heating industry and has met every require- 
ment. Let it continue to be the B.t.u. divisor for determining the steam radia- 
tor’s equivalent square feet of heating surface. 


A. A. Apter: My remarks refer to the unit Kent which has been proposed. 
In view of the confusion as to the meaning of comfort and the difficulty of its 
measurement I think that the definition of the Kent should be deferred to some 
future time. The analogy brought out by Mr. Mensing, between the electrical 
motor and the radiator, is not comparable because the unit by which we measupe 
the electrical input and the energy output is well defined and not subject to opinion 
while comfort is. The Research Laboratory has done valuable work in establish- 
ing the Comfort Zone. But this zone is subject to correctior for clothing worn, 
activity engaged in, health of individual and mental attitude—an intricate collec- 
tion of factors. As a consequence it may be a long time before we get a yardstick 
by which comfort is measurable and then its definition as well as the unit will be 
in order. 
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J. F. McIntrep: Mr. President, it doesn’t require any more discussion on this 
subject on which we know so little. We haven’t experimented enough in our 
laboratories to draw accurate conclusions. This subject is in the hands of an 
Advisory Committee which is giving it a lot of thought and I think we are all 
willing to abide by their decision in reference to determining a Kent. 


Mr. Lewis: You are going to have a lot of fun with me about the Kent, but 
five years from now you will still be interested in something of the kind. The 
purpose of presenting this paper was that the committee, the Technical Advisory 
Committee on Radiation for the Research Laboratory, should get your criticisms 
and suggestions. Mr. Mensing is the chairman of this technical advisory com- 
mittee and we request that you communicate with him and tell him anything 
you can that will be constructive toward the equipment which we are about to 
build for testing radiators. 


M. W. Exruica: I don’t know that my thoughts on testing or rating radiators 
would have any bearing, but I do believe, as was brought out here, that there is 
quite a bit of confusion in some of the things said because of not labeling the form 
of radiation involved, which may have been expressed in another way as to loca- 
tion and application. But I do believe that sometime in the not far distant 
future we may reach a point where we will establish a height at which to measure 
radiation more nearly in line with room occupancy, such as Dr. Brabbée points 
out, and on that basis possibly the condensation would be a factor and not the 
square feet or the other way around, the heat output per pound might be the result, 
although you would have this very vague factor of comfort to be considered. 


W. L. Fix1sser: I want to say a word on the practical side of this question. 
The subject is of practical interest to the heating contractor and the discussion 
that we have had this afternoon I don’t believe helps the contractor in any way. 
There are on the market today about seventeen or eighteen varieties of new type 
of radiators. Whatever one manufacturer does in the way of making his radiator 
efficient, that is with fins or something else to drive the heat out to a particular 
zone in the room, will undoubtedly be duplicated by the next one. Consequently 
any advantage that the one manufacturer might obtain would soon be obtained by 
the next one and the heating contractor would be in the same position that he is in 
now with boilers and other things in the field where one manufacturer indicated 
that his apparatus would do certain things that another one wouldn’t. 

I have a strong feeling that the discussion that is developing today is only going 
to retard and befog the innocent purchaser in the comparison of the different 
radiators that are on the market or that are coming on the market, and that a 
uniform method of figuring the condensing rate of the radiator, leaving the func- 
tion of veins or diffusers or anything of that kind to a future time, is what the 
contractor needs today and the thing that our Research Laboratory should decide 
upon so that the actual radiator as it exists today under the same conditions may 
be tested at once without discussion as to new ideas of comfort. In this way the 
contractor will be benefited by the work of the Research Laboratory. 


Mr. Frost: May I say a word in answer to the last speaker’s remarks? I 
don’t think that the contractor needs to take very seriously what has been said 
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this afternoon about radiator performance. That is, not this generation. What 
had been said has been for the benefit of those who come about 15 or 20 years from 
now. Our present ideas of comfort and radiator efficiency will not be changed 
by the new type of radiation. As far as the designing of new types of radiation 
we have not reached the point where we can consider the idea of comfort to any 
great extent. So don’t look too seriously on what has been said. 


F. C. Hovucuten: Before closing the subject, I would like to point out more 
definitely that our unwillingness to accept heating effect, comfort effect or heating 
efficiency of radiation to be reflected in rating at this time should not be considered 
as failure to appreciate its importance to the heating industry. What I do want 
to emphasize is that we do not yet know enough about heating effect to make use 
of it in rating radiators. Dr. Brabbée has shown that a certain radiator which 
we will call “A” will satisfactorily heat a certain room with half the amount of 
steam. That is well and good. It will do it without question under the conditions 
of his test. Will it do it under all other conditions in different rooms? There is 
reason to doubt whether the two radiators would show the same relative heating 
effect under all conditions. 5 

If that supposition is true and a certain contractor should install radiator “A” 
with a rating twice as high as the radiator with which it was compared, in a condi- 
tion where it is not twice as good as the second radiator, he would be out of luck. 

Heating efficiency of radiators is a question that is of great importance and we 
must study it, but we cannot let it reflect itself in ratings until more is known 
about it. Neither can we accept Dr. Brabbée’s results as universally applicable 
to all types of radiators and forms of space to be heated. 


Dr. Braspke: Without having a goal you can’t proceed properly. The goal 
was to prove that certain types of radiators will give certain effects with less sur- 
face, with less condensation and therefore with less fuel. This new result, we 
think, has been positively obtained. As far as the heating contractor is concerned, 
he need not be disturbed, because behind the rating figures given stands the guar- 
antee of the maker. 
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No. 790 
PRACTICAL VENTILATION FOR SCHOOLROOMS 


By S. R. Lewis,! Cuarcaco, Inu. 
MEMBER 


HE purpose of this paper is to describe a rational arrangement, which it is 

believed will be capable of giving the best results practicable of attainment, 

either when using windows for fresh air supply or when using a supply of 
unheated air from other sources than windows in classroom ventilation. 


The New York Commission on Ventilation has advocated windows open from 
the bottom, with deflectors to divert the entering air upward, and with radiation 
controlled by thermostats below all windows used for ventilation. It has recom- 
mended a considerable increase in direct radiation beyond that needed for structural 
heat losses, to care for the air-change due to the open windows, and has recom- 
mended gravity vent flues with exhaust openings from the room at or near the ceil- 
ing of the side wall opposite the intakes. 


The New York Commission has refrained from going into much greater detail 
than the foregoing. The greater detail is, of course, the province of the heating 
and ventilating engineer, who ought to be able to devise satisfactory physical ar- 
rangements after he has been made to understand the purpose of the arrangements, 
or has been told the underlying principles of the process. 


The earlier field studies of the Commission were restricted to comparisons of 
health and comforts in window-ventilated rooms on the one hand, and in me- 
chanically ventilated rooms on the other. Having demonstrated to the satisfac- 
tion of the members of the Commission the superiority of the window-ventilated 
rooms on these two counts, and pointing out that the main difference lies in the 

- fact that the air of the fan-ventilated room is likely to be about 20 deg. fahr. higher 
and more uniform in temperature and that the air movement in this method is 
considerably greater, reported (Ventilation, p. 528 of the New York Commission 
Report) : 

“‘We are forced to conclude that window ventilation with ample direct radiation, 
window deflectors and adequate gravity exhaust, seems the more generally promising 
method for the ventilation of the classroom where local conditions permit its use’ 
“on the other hand there will be many schools in which this method cannot be applied. 


Where noise and dirt and odors from the street make it inconvenient to have windows 
open, the use of the plenum system would, for instance, be clearly indicat 


1 Consulting Engineer, Chicago, III. 
Presented at the Annual Meeting of the American Society oF HEATING AND VENTILATING 
Enorngeers, New York, N. Y., January, 1928. 
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With these few exceptions, this amounted to a rather general condemnation of 
mechanical ventilation in schools, and it constituted a challenge to the engineer 
to improve upon, or at least to duplicate, the health and comfort conditions at- 
tained with window ventilation. 


The recent studies of the Commission at Syracuse and elsewhere indicate an 
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honorable and conscientious endeavor to learn the truth. In this effort to learn 
the truth every heating and ventilating engineer will join with all his heart. 

There seems to be some yet unproved health quality in the environment of the 
pupils in naturally ventilated classrooms, particularly where the air supply has not 
all been heated by passing over heated surfaces. 

Any unprejudiced observer who sees the records, the probity of which cannot 
be questioned, must consider them very seriously. These records seem to show 
evidence of a mysterious influence in classrooms which have no tempering heaters 
and which use gravity or window air supply, which influence seems to reduce 
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complaints and absences from colds in the head, or which, expressed more eu- 
phoniously, reduces the incidence of respiratory di 
Granting that the health of children in the naturally ndltenet rooms is superior 
and assuming that it is due to some hitherto undesignated agency, the reasonably 
possible agencies are: 
A. Consistently maintained lower temperature. 

This has been fairly well eliminated as the probable cause of superiority, since 
where the outside air supply came into the rooms without ever having passed over warm 
heaters the superiority persisted, even though a higher average interior temperature 
was maintained. 


B. Ultra-violet or other invisible rays ordinarily stopped by common window 


This has been fairly well eliminated, since even with the open window rooms the 
shields over the openings nearly always prevented any light from entering the rooms 
without being filtered through glass. 

C. Reduced motion of air. 

An air change of once in fifteen to twenty minutes in a schoolroom such as is in 
effect usually with gravity-indirect systems necessarily gives much less physical con- 
tact with the bodies of the pupils than an air change of once in seven or eight minutes, 
the usual rate when 30 cu. ft. per pupil per minute is supplied. With the reduced 
volume of incoming air there is much less danger of rapid cooling of an over-warm body, 
and so perhaps less danger of causing a person to catch cold or feel chilled. It is possible 
that herein lies the mysterious influence. 


D. Unheated air supply. 


In all of the observed rooms where superiority persisted, the entering air was 
tempered by admixture with warmer air rather than by rubbing over hot radiators. 
Much of the time the relative volume of this entering unheated fresh air compared with 
the volume of the very hot recirculating room air was small. Yet it is possible that the 
mysterious influence is present in the small volume of unheated air supply carrying the 
“vital property” suggested by Hartmann. 

E. Physical stimulation due to continual and rather rapid temperature-variations. 

In the observed rooms where superiority was noted, even though automatic 
temperature control might be in evidence, there were considerable temperature-varia- 
tions due to manipulation of the windows and control valves. We seem to enjoy gentle 
breezes and we come in with flushed cheeks and tingling hands after exercise out of 
doors on a cool day. It is possible, though, that the mysterious influence is inhibited 
or nullified when the person stays for some time in a steady, uniform temperature, even 
though that temperature may not be too warm or too cold for comfort. 


Not much in the way of a clue to the mysterious influence outside of the five 
above possibilities is to be found, though age, race, stock or other conditions may 
yet be found unexpectedly to govern the striking results which have been noted. 

One must remember that Doubting Thomases had a grievous time believing 
that mosquitoes were the mysterious influence in malaria and yellow fever. 

We are in a way to exhaust possibilities of the five reasonable hypotheses outtined 
as they are being attacked at several points from many angles. 

However, it seems worth while at this time to outline the sort of heating and 
ventilating plant which could, in the light of the best present knowledge, be op- 
erated so as to be most favorable to all of the conditions set forth. 

These specifications may be divided into three groups: those serving small schools 
having up to four classrooms; those for schools having from four to twelve 
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classrooms; and those for larger buildings having a considerable number of class- 
rooms on many stories with auditoriums, gymnasiums, laboratories, etc. These 
divisions are arbitrary, having, however, some influence on cost, space for pipes and 
ducts, orientation, etc. 

For the small rural school of one or two classrooms, where presumably fires will 
not be maintained continuously, and there would be danger of freezing—and where, 
incidentally, installation costs are a most important item—it is apparent that the 
jacketed stove and the warm air heater with provision for the admission of an 
adequate supply of fresh air will continue to be the preferred means of heating and 
ventilation. The warm air heater with gravity exhaust is perhaps the most prac- 
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Fic. 2. ELgvaTION oF Lower SAsH SHOWING HANDLES ABOVE 
DEFLECTOR AND SipE Locks ACCESSIBLE FROM FLOOR 


tical system for rural schools of from two to four or six rooms. The window sys- 
tem of ventilation is not feasible in this type of building. 

For schools of six classrooms or more, we may assume that straight-forward 
window ventilation, with direct steam radiation and gravity vent flues, may 
reasonably be installed. 

All of the windows along the side from which light is obtained, to the left of 
the pupils, are to have the lower sash arranged for air introduction. 

The conventional sliding double-hung type of window may be used, with glass 
deflectors, say 12 in. high in wooden or metal frames, resting on the window stools. 
The upper sash should be blocked tightly in place, as they do not need to be moved. 
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Fic. 3. Detar, of WINDOW AND DEFLECTOR 
DESIGNED TO REDUCE AIR AND STORM LEAKAGE 


An effective method of doing this is shown in Fig. 1. 


There are doubtless many other easy and satisfactory methods of holding the 
upper sash in place independently of the lower sash. 
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The lower sash should have means of locking in any position desired without the 
operator needing to send for a stepladder. The handles for moving the lower 
sash should be above the deflector, and the locks should be at the sides of the sash, 
perhaps as shown in Fig. 2. 

The deflector should have a frame, to reduce casualties which occur with un- 
protected glass. The bottom should be close to the outer edge of the window 
stool and should drain outside, with an air-tight and water-tight bottom and ends. 
The ends might be of heavy sheet copper with gutters. It is desirable, though not 
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Fic. 4, SgcTION THROUGH WINDOW AND RADIATOR 


imperative, that the angle of the deflector should be adjustable. This can be 
arranged easily with chains. It is desirable, though not imperative, that leakage 
through the crack which always occurs between the upper glass and the meeting 
rail be kept at a minimum. A piece of rubber belting screwed to the top of the 
lower sash and just touching the glass of the upper sash will accomplish this. 
(See Fig. 3.) 

The scheme seems to demand double-hung sliding sash, with delicate adjustment 
of height of inlet openings. 

The fundamental of the window-scheme of ventilation is that there shall be under 
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each fresh air inlet a radiator which preferably shall have a shield in front of it, 
and that enough radiation to warm the entering air to some extent shall be heated 
at all times. 

In mild weather in window-ventilated classrooms, even with thermostats (and 
it is unlikely that thermostats will be provided in the country) there is a great 
tendency toward overheating, due to excess direct radiation. Yet, with window- 
ventilation when there is need of any heat at all, it is surely needed under all 
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Fic. 5. PLAN oF TypicaL CLAssRooM 


windows used for ventilation. An excess amount of heat under one window inlet 
and none under the others is exceedingly unsatisfactory. 

Therefore, a more or less continuous radiator is needed under all the intake- 
windows, divided horizontally into several superimposed radiators rather than to 
have the conventional separate complete radiators under the several windows. 

Fig. 4 illustrates this arrangement and also shows the shields. All direct radi- 
ation in classrooms should be shielded. These should be supported, say, 2 in. away 
from the hot surfaces, and should be made of two layers of metal with insulation 
between. A satisfactory shield can be made of No. 26 gauge galvanized steel and 
1/, in. thick asbestos mill board, with bright tin against the radiator. The bottom 
of the shield may reasonably be kept about 6 in. above the bottom of the radiating 
surface, so as to permit some radiant heat to reach the feet of the children in the 
nearest aisle. 
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In Fig. 5 is shown the plan of a schoolroom, with the various arrangements for 
an approved type of pure window ventilation. The radiation should be arranged 
as shown in Fig. 6. 

The pipe coils in Fig. 6 are necessarily used with a two-pipe system of steam or 
water circulation. Such an arrangement for gravity steam requires that the re- 
turns from each room shall be brought separately to a point well below the boiler- 
water line before being connected together. If a vapor system is used with ther- 
mostatic traps, the return valves shown in Fig. 6 may be omitted, and the traps 
may take their place. 


If automatic temperature regulation is installed, one diaphragm valve may be 





3 valves 


Fic. 6. Typicat STEAM CONNECTIONS FOR Pipe Cots, 50-25 Per 
CENT AND 25 Per CENT 


nstalled on the boiler side of the three hand-operated supply valves shown, but 
these valves may not be omitted. By keeping one or the other of the three divi- 
sions of radiation shut off it is easy to prevent overheating in mild weather, even 
though there is a great excess of radiation for such weather. 

The vent flues should go out as separate flues in chimneys which extend well 
above the highest points of the roof. Several of these flues may be grouped to- 
gether of course, but they should be separate all the way. 

Metal ventilators are less satisfactory than chimneys for the vent outlets. Re- 
volving type metal ventilators are to be preferred to fixed type metal ventilators. 
A separate ventilator should be provided for each room when ventilators are used, 
and they must be high enough above the roof that eddy currents or back-drafts 
shall be avoided. 


The outlets from the rooms should have tight fitting, easily operated registers 
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or dampers at the outlets, which can be closed to prevent waste of fuel when the 
building is not occupied. 

For a larger type of school, it is probable that the mysterious influence due to 
unheated air supply or reduced air volume may be gained in the following rather 
more simple manner. 

There are to be provided adequate supply flues as well as vent flues. 

The partitions between these supply flues and the vent flues for at least 6 ft. of 
each may be of one thickness of uninsulated sheet metal, so that either flue which 
is warmer may warm the cooler one. It is desirable to have at least two pairs of 
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Fic. 7. Gravity Direct anp InpIREcT SysTEM 


such flues for each standard size classroom, since it is then easier to secure diffusion 
without drafts. 

A better arrangement for warming vent flues is to install small radiators in 
them, accessible through doors in the flues, and protected by canopies or offsets 
against moisture falling from above. The old-time gravity-indirect plants of this 
general type used small coal or gas fired stoves to warm the vent flues and so to in- 
sure a steady draft up them. 

The vent openings from the rooms are preferably at the floor and adjacent to the 
supply flues, so that they may be heated a little, so as to have draft. The supply 
flues are arranged with indirect radiators at their bases with cold air intakes and 
by-pass dampers, either automatic or manual, as shown by Fig. 7. 

The indirect radiators are heated nearly all of the time and control of ventilation 
is by manipulation of the mixing damper which allows more or less unheated air to 
enter, induced by the injector-like effect of the warm air from the indirect radiator. 

The same pipe coil arrangement of the radiation in the room, under the windows, 
shown in Fig. 6 is desirable, though it is not necessary with this plan to have any 
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great excess amount of direct radiation. The shields in front of the direct radiation 
are equally important. 

With this scheme it is desirable probably to have the windows so arranged that 
they can be lowered easily from the top, for additional fresh air intakes or for out- 
lets for surplus heat when desired. When the wind direction permits, an extension 
thermometer projecting into the supply flue is highly desirable so that the tempera- 
ture of the entering air may be observed and regulated. The vent openings should 
have registers or effective arrangements so that they can be closed at night to 
prevent unnecessary heat loss. 

For still larger schools, where the diversified kinds of rooms, many stories, difficult 
surroundings, danger of noise from open windows, desirability of air filtering de- 
vices, etc., seem to warrant mechanical ventilation, it is believed that the desired 
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condition would be obtained by an arrangement like Fig. 8. One supply fan may 
be installed per room or many rooms may be served by one supply fan. 

The vent openings, Fig. 8, may be near the ceiling, though it is not entirely cer- 
tain that floor openings would not serve as well. 

With this scheme, the room-effect presumably will be consistently as favorable 
as that intermittently to be obtained with window-gravity inlets, even when the 
latter is operating under most favorable conditions and there is a gentle wind pres- 
sure coming in through the window. 

With this mechanical system, the supply of unheated air is always positive, where- 
‘as with the window inlets it is often questionable or negative. 

In other particulars the arrangement for mechanical air supply as per Fig. 8 
simulates that for uncontrolled air supply. The radiator divisions, the shields, 
deflectors of Fig. 8, are arranged to give the same effect as those of Fig. 4. 

It appears that the mechanically delivered supply of unheated air, entering the 
room in such manner as to insure very even diffusion, should prove more satisfac- 
tory in nearly all school buildings than will the gravity inlet at the window, af- 
fected as it must be by every variation in wind. 

The arrangement shown by Fig. 8 is, of course, easily susceptible of combination 
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with all of the conventional modern devices for air conditioning peculiarly adapted 
for central fan systems, and which are not adapted to the window inlets or to the 
gravity indirect systems. With the mechanical supply the air may be cleaned 
of dust, or be ozonated without heating it. There may be tempering heaters for 
use in very cold weather, and after tempering the air, if proved desirable, artificial 
moisture may be introduced. If the air volume and movement shall be proved to 
have gone to the other extreme from the present 30 cu. ft. per minute per pupil 
practice so that more movement is needed, part of the air may be recirculated. 


From the standpoint of ultimate flexibility and adaptability the scheme shown 
in Fig. 8 commends itself. 

The admission of some unheated air is now being achieved by many of the unit 
ventilators, with their mixing dampers. Some question is raised, however, 
as to whether one unit ventilating machine per room gives sufficient air-diffusion, 
and the Syracuse studies suggest that one machine may give so high an outlet 
velocity as to favor rather than reduce the prevalence of respiratory affections. 

It is possible that some part or all of the mysterious effect for which engineers 
have been seeking the cause may be due to the physical stimulation which 
results from rather sudden temperature variation. 

The designers of automatic temperature control are ready to furnish thermostats 
which will accomplish any desired cycle of variation. It is a simple and reasonable, 
mechanical or electrical task to arrange for such a variation, and it is hoped that 
there may be developed, ere long, some experiments to check this possibility. 

The location of the thermostats in the rooms is of vital importance with any of 
these cold-air-introduction schemes. As far as is known the thermostats need to 
be where the air current passes over them as soon as the two currents, warm and 
cold, have met. 

There is great probability that it may be found expedient to install on the 
window inlets, of the original New York Commission plan (shown in Fig. 4), 
perhaps at the tops of the inclined glass deflectors, automatically controlled bal- 
anced dampers, so that the thermostat will close or open these dampers simul- 
taneously with its manipulation of the supply valves to the radiators. It must not 
be forgotten that window-inlet ventilation requires that the radiator under the 
window shall have enough heat output to temper the cold intake-air, and combined 
with the effective heat output of pupils, ultimately to neutralize the cold intake-air. 

The original report of the New York Commission has been interpreted as setting 
forth arbitrary rules for the size of classrooms, although it does not require spe- 
cifically that the room sizes shall be increased. (See Winslow’s note in JouRNAL OF 


‘American Socrety oF HeaTING AND VENTILATING ENGINEERS, May, 1927, p. 326.) 


If window ventilation does give superior health results it gives these results be- 
cause of some single inherent physical property of window ventilation, or because of 
some group of such properties, and certainly these properties do not appear to de- 
pend on any particular minimum space-per-pupil requirement. 

In a general way the cost of ventilation, whether mechanical or gravity type, is 
proportional, both in first cost and in operating cost, to the amount of air handled. 

No window or gravity system of ventilation can be depended upon to handle any 
specific volume of air. 
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Taking into consideration the equipment required for consistent window-supply 
ventilation, there is no very great difference in first cost between it and a me- 
chanical system. In this consideration the Commission has demonstrated con- 
clusively that in order to be operable, classrooms with window-supply ventilation 
must have excess radiation, automatic control, deflectors, vent flues which are 
positive in action and should have radiator shields. 

It is well known that if a consistent and specific volume of air must be handled 
most economically, the necessary energy to move the air will cost less and be more 
satisfactory via an electric motor than via a heated chimney. 

Granted that around 67 deg. average temperature is to be maintained in the 
classroom, we must expend for ventilation whatever amount of heat is required to. 
raise the entering air to a temperature which will be comfortable to the pupils. 

When considering relative differences in cost of labor for operating these various 
types of ventilation, time studies should be made to determine the influence on 
teaching efficiency of the more or less constant adjustment of windows and dampers 
required by the gravity-window systems, as well as the actual money value of the 
time given by the teachers to adjusting ventilation. 

The deduction can be made reasonably, regarding first and operating costs, that. 
there is not enough difference between any of the three general methods described, 
in the two building-size zones where they overlap, to be of any particular moment. 

As soon as further study shall have developed specific requirements, or shall have 
divulged the much-sought mysterious influence, a coherent scheme for obtaining 
that influence will be available quickly. 

As of the winter of 1927-28 the foregoing schemes are believed to express, each 
in its zone, ways in which to achieve the mysterious influence. 

If it can be demonstrated to attain equal health results, the mechanical arrange- 
ment, with its positive air delivery and accurate control, coupled with its diffusion 
virtues and its flexibility, is believed to be the most reasonable and logical type for 
ordinary investment. 


DISCUSSION 


Pror. F. L. Farrpanxs (WRITTEN): Your paper is of very great interest to me 
for it appears that you are very near the solution of the problem and I believe that 
what we have learned at this station in regard to air movement in dairy stables will 
be of interest. The mysterious influence or undesignated agency I feel may be 
the more complete diffusion of the fresh air with the vitiated air. 

On page 97 of your paper, agencies C and D express the factors which influence 
this undesignated agency or internal air movement. The entering air falling 
through the warm room air diffuses more readily than would air of a higher tem- 
perature. Admitting cold air might also influence the absolute amount of oxygen 
in the room. 

In our dairy stable investigations where each observer worked 12 hours a day 
and at times for 8 hours continuously in the stable, the effect of different air 
conditions was very noticeable on ourselves and the barn men. 

In cases where the air movement into and out of the stable was at a definite 
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rate, but with a minimum of diffusion, our systems became congested after 3 or 
4 hours work. With the same air movement but complete diffusion we have been 
able to work 8 hours without any noticeable effect. 


One simple illustration may suffice. In the first case cited, when one passed 


~ from the stable to the outer air he involuntarily took a deep breath of the outdoor 


air. In the second case, this action was entirely absent. One passed back and 
forth from stable to out of doors or vice versa with no noticeable difference in the 
depth of breath, the only effect being that of difference in temperature. 

We have found that windows are not satisfactory as intakes, the opening usually 
being too large, difficult to control and not suited to properly direct the incoming 
air. The ceiling inlet also permits greater and more rapid diffusion and by 
proper directing of the incoming air eliminates drafts. 

To avoid rapid variation of temperatures, we have found the floor outtake best 
and also that by properly insulating the outtake flues we do not need to heat them. 
With only moderate insulation the temperature drop in a 50 ft. flue with an air 
velocity of 200 or 300 ft. per min. is never more than 2 deg. fahr. 

On page 103 you indicate that the outtake should give up heat to the intake. 
In our work we make every effort to avoid heat loss to the outgoing column of air. 

In regard to the wind effect on the intakes, engineers of the Louden Machinery 
Co. have designed an automatic intake which is working out very well in stables. 

On page 104, in regard to vent openings I feel that the floor opening will prove 
most desirable. 

On page 105, in regard to a gravity system handling a specific volume of air, 
our work seems to indicate that it can. 

Our theory, that, by destroying the velocity of the incoming air, causing it to 
fall of its own weight through the warm stable air and by stimulating convection 
currents to assist in the diffusing or mixing of the fresh air with the stable air, we 
insure a uniform degree of purity of air throughout the ventilated space. This 
complete mixing accomplished, we should remove the mixture at the floor level in 
order to conserve the heat in the room to avoid sudden changes in temperature. 
The floor outtake also will not disturb the convection currents. 

This theory to me is quite contrary to what little I know of present practice in 
which the breathing line or zone is stressed. My point is that the breathing zone 
should include every part of the ventilated space from ceiling to floor and from wall 
to wall. 

I feel that this theory can and will be applied to the ventilation of shelters for 
man. This feeling and your paper are the reasons for thus addressing you. 
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EFFECTS OF MECHANICAL AND NATURAL VENTI- 
LATION ON THE HEALTH OF SCHOOL 
CHILDREN! 


By Tuomas J. Durrietp,? New York, N. Y. 
MEMBER 


Since this paper was written (December, 1927), the author believes to have recognized, 
in subsequent Syracuse studies, variables that were entirely overlooked at the time, 
namely, the size of the school, the area of the school district, and, consequently, the 
average distance the pupils had to travel to school. 

The old, furnace-heated, naturally-ventilated schools which made the lower records 
of absenteeism and of respiratory illness were in the more densely populated sections of 
the city and had but 8 to 12 rooms. The modern, steam-heated, mechanically-ventilated 
schools served less populous areas, and had from 16 rooms upward. 

Examination of the school districts showed that the average of the maximum distance 
pupils had to travel to the little, old schools was 0.22 miles, while that of the larger, newer 
schools was 0.40 miles. 

The association between precipitation and respiratory illness among the pupils was 
brought out in the paper. The fact that the pupils attending such schools had greater 
opportunity for exposure to rain and snow, may explain the higher rates of respiratory 
illness reported from the larger, modern schools, which happened to have fan ventilation 
systems. 


ITH the revival of the Commission in the autumn of 1926, it was the 

first thought of the members to test whether the findings of their field 

studies, conducted in New York City Schools from 1913 to 1917, held 

true at a later date and in different localities. In the selection of the field for cur- 

rent studies, the fortunate relationship between the Commission and the Milbank 

Memorial Fund, which is financing the work of the Commission at present as it did 

in the past, has shown itself a valuable asset. It was because the Milbank Me- 

morial Fund is collaborating with the local health and educational authorities of 

Syracuse in what has become known as a “health demonstration” that that city 
was selected for the study. 

With the cooperation of the Syracuse health and school officials, and particularly 


1 Tentative results of the school ventinies cute Syracuse, N. ¥Y. Conducted by the New 
York Commission on Venti mation Costag Se eae! gent 1926-1927. 
* Executive Secretary, New York Commission on Ventilation, 370 Seventh Ave., New York, N. ¥. 
Presented at the Annual Meeting of the AMmRICAN Socrgty or H&ATING AND VRNTILATIN 
Enommera, New York, January, 1928. 
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the school health service, six schools were chosen—three modern mechanically 
ventilated buildings and, in lieu of window-gravity ventilated schools, three old 
furnace-heated, naturally ventilated buildings constructed 40 and 50 years ago. 
To aid in the identification of these schools when considering the findings of the 
study presented later in this paper, the names of the schools, roughly classified 
according to type of ventilation, together with the number, the average age and the 
percentage of pupils of American parentage are given in Table 1. 
It should be stated here that wherever an average value is given in this paper, due 
consideration has been given to the different numbers of readings or individuals. 
Every mean value is a weighted mean. There are no averages of averages. 


In selecting buildings no attention was paid to the age, sex or nationality dis- 
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tribution of the pupils. Aside from the first classification of three mechanically 
ventilated schools and three naturally ventilated buildings, selection was made 
simply because the attitude of the principals toward health studies in their schools 
had always been favorable. 

The six schools are all two stories high with brick exteriors. There is no air 
washing or artificial humidification in these schools. 

The three modern, mechanically ventilated buildings have all been built within 


Taste l. Srx Syracuse ScHoois USED FoR VENTILATION STUDIES 


Number of Average Age Percentage of Pupils 

Name of School Pupils of Pupils of American Parentage 
Mechanically Ventilated 
Salem Hyde 146 8.3 91.8 
Seymour 707 11.1 62.0 
Danforth 379 9.5 85.5 
Naturally Ventilated 

Montgomery 325 9.9 65.0 
Merrick 232 8.9 91.4 
Townsend 237 8.2 4.6 
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the past five years, and are of fire-proof construction, the rooms being lighted from 
one side only. Heating is accomplished by a split system; fresh air for ventilation 
is drawn in through a shaft opening above the roof. The air is warmed over 
indirect radiators and is forced into the rooms by fans. 

Supply inlets, of which there are generally two per room, open some 8 to 10 
ft. above the floor in the wall opposite the windows and exhaust is usually effected 
through grilles in the bottom of the doors of the clothes closets, from which the 
exhaust ducts lead to exhaust fans in pent houses on the roof (Seymour and Dan- 
forth) or directly to roof ventilators (Salem Hyde, Fig. 1). 

Thermostatic control systems for regulating the admission of steam to the direct 





Fic. 2. Merrick Scuoot, Syracuseé, N. Y. 


and to the indirect radiators have been installed and are operated in these schools. 
Corridors of these schools have recirculating grilles connected with the fresh air 
supply shaft. 

The naturally ventilated schools are of wooden interior construction; the newest 
of the three was built 40 years ago, the oldest is more than 50 years old. The 
buildings have but four, five or six rooms on a floor and with most rooms at corners 
of the buildings, daylight generally comes from two sides. For heating and ven- 
tilation, fresh air is taken from the outside at grade and is passed over warm (or 
hot) air furnaces or partially by-passed around them. It is then delivered to the 
rooms through masonry flues leading to registers which in the rooms of one school 
(Merrick, Fig. 2) are located in the inside wall at the floor, and in the others (Mont- 
gomery and Townsend) 8 to 10 ft. above the floor. The former building, which has 
an old Smead plant, has multiple vents in the base-boards of the outside walls, the 
spaces between the floor joists serving as ducts which convey the air back to the 
interior partitions. These partitions are hollow and the air passes down in these 
hollow spaces and eventually reaches basement ducts which lead it to the bottoms 
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ty School month 
From 192. 
Room No. to. 192 
Grade. Teacher. 
TEMPERATURE RECORD 


g 
g 





InsTRUCTIONS CONCERNING THE TEMPERATURE RECORD 


‘The tampesetuss sensed provtiee spaces for 3 outdoor and 8 indoor readings 


daily. 
Outdoor readi —_ are to be made at a carefully selected spot 5 minutes before the po me a 
each session 
two readings, the second may be taken at the end of the session.) 


at the end =" the afternoon session. (On one-session days, in order to have 


Indoor readings are ara et at each session, as follows: 
1, —— the session 
2. mmediately before the mid-session recess or exercise period. 
3. Immediately after the mid-session recess. 
4. Just before the session ends. 


The number at the head of each column corresponds to the time of observation given 


in the above list. If, because of an oversight or for any other reason, a reading happens to be 
omitted, mark a cross (X) in the space where the e reading should have been recorded. In 
any case, never record an estimate of what the reading might have been. 


Fic. 3. Form ror REcoORDING Room TEMPERATURES 


of large and lofty chimneys. These chimneys have stoves for warming the rising 
column of air to insure a lively draft. In the other two buildings, gravity exhaust 
ducts taken from the floor or at floor level in the interior partitions lead to the base- 
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ments, where trunk ducts connect with similar large masonry ventilating chimneys. 
In the Townsend school, the metal chimney for smoke from the furnaces rises in the 
center of the brick ventilating chimney. The provision for temperature control is 
entirely manual and consists of regulating the amount of warm air entering the 
room by adjusting the inlet damper. Closing off the warm air with this damper 
opens at the same time a direct cold air by-pass. To avoid overheating, windows 
are opened frequently. There is, obviously, no air washing in these schools and 
equipment for the artificial introduction of moisture is lacking. The wooden air 
ducts in these old buildings are, of course, contrary to all modern requirements for 
school building construction. 

It might be pointed out that these naturally ventilated schools were not ven- 
tilated by the window-gravity method recommended by the Commission and it 
should be said that no money was spent to alter any building or its heating or 
ventilating equipment for this study or to improve the methods of operation. 
Further, no instructions were issued or suggestions made as to how any of the 
systems might be operated to produce better results. 


Organization of the Study 


In the absence of automatic temperature-recording instruments, it was planned 
to have the teachers record the dry-bulb temperatures, as shown by the classroom 
thermometers, four times each session (eight times daily) on forms provided by the 
Commission, Fig. 3. In one school (Seymour) temperatures were recorded six 
times per session, or twelve times daily. Subsequent analysis of these data showed 
that although the averages of the 12 daily readings were in fair agreement with the 
averages of the 8 readings made at hours that were routine in the other schools 
in the study, the averages of the four additional readings taken in this school varied 
considerably from the average of the greater number of readings. This indicated 
that eight readings per day was just as satisfactory as twelve and more reliable than 
four and, for that reason, eight temperature readings per day has become the stand- 
ard procedure in the studies. 

In addition to the temperature records, the teachers were requested to keep an 
attendance and health record (Fig. 4) on which they recorded for each session: 


The pupils on the active roll 

The pupils present 

The pupils present with respiratory illness 
The pupils absent 

The pupils absent with respiratory illness. 


FAP SS 


On this form, the following instructions were given: 


1. For the purpose of this study the pupils enrolled are to be continued on the 
active roll, regardless of the length of absence, — the family moves from the school 
district or ‘the pipil leaves school permanently, an 
2. This term (respiratory illness) me nd pharyngitis, tonsillitis, laryn- 
gitis, bronchitis, pneumonia, tuberculosis, grippe, etc. 


This first rule was adopted to eliminate from the study the effects of the practice 
of dropping from the active roll all pupils absent more than three days. The second 
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School month 
From 2 192. to 192. 
Pupils enrolled to date... 
Teacher 
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Fic. 4. TEACHERS ATTENDANCE AND HEALTH RECORD 


rule listed for the benefit of physicians and nurses the terms included under the 
heading “respiratory illness.” 

During the school year 1926-27, it was not possible to provide sufficient medical 
or nursing service to have respiratory illnesses determined by either of these 
agencies, and diagnosis, if such it can be called, of illness among the pupils present 
became the responsibility of the teachers. In practice, the term “respiratory ill- 
ness” and the medical diagnoses included under that term, were interpreted under 
the more common headings: cold and sore throat. 


No specific instructions were issued on this point, but it had been expected that 
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the teachers would depend on the nurses, whenever they were available, to aid 
them in deciding whether a child was or was not affected with respiratory illness. 
In time, this became the usual but not the universal practice. The teachers re- 
tained the ultimate responsibility for diagnosis, and although the personal equation 
enters largely, there is no reason to suspect that the averages of teachers’ opinions 
on respiratory illness among pupils present would favor one type of ventilation over 
another. 

Further, the writer attaches more importance to absenteeism and its causes than 
to diagnoses of respiratory illness among the pupils present made by the teacher. 
Absence from school is a definite matter and, with reasonable follow-up, the cause 
of absence can be determined with a fair degree of accuracy. The Syracuse De- 


TABLE 2. SUMMARIZED ATTENDANCE AND HEALTH RECORDS 





According to Type of Ventilation 
Schools with 
Steam Heat, Hot Furnace Excessesin 
Automatic Heat, Manual Mechani- 
Temp. Control, Temp. Control, cally 
Attendance and Health Mechanical Natural Ventilated 
Item Records Ventilation Ventilation Schools 
A Total pupil sessions 228,454 137,596 
B Total absences 16,413 6,768 
Per cent of total pupil sessions 7.2 4.9 47% 
c Absences due to respiratory diseases 6,820 2,500 
Per cent of total pupil sessions 3.0 1.8 67% 
Per cent of total absences 41 37 11% 
D Pupil sessions attended 212,041 130,828 
Per cent of total pupil sessions 92.8 95.1 
E Respiratory illness among pupils present 28,717 9,658 
Per cent of total pupil sessions 12.6 7.0 80% 
Per cent of pupil sessions attended 13.6 7.4 84% 
F Respiratory illness among pupils present 
and absent 35,537 12,158 
Per cent of toal pupil sessions 15.6 8.8 77% 
G Mean temperatures (° F.) 70.0 68.5 1.5 
H Average age of pupils: years 10.3 9.1 1.2 
I Percentage pupils of American parentage 72.7 54.6 33 
J Number of pupils 1,232 794 


partment of Education has a highly developed service for checking up the cause 
of absenteeism by the school nurses and truant officers. 

The cause of every absence is reported by the parent and is subject to confirma- 
tion by the truant officer or nurse. This must not be taken to mean that every 
absence is investigated by these officials, but it does mean that the cause of ab- 
sence will be reported well within the limits of accuracy of other factors against 
which it will be tested. Further, there is no reason to suspect that this method of 
determining absenteeism by cause would react for or against any type of ventilation. 

As will be seen, the distribution of age, sex and race stock of the various school 
populations is such as to offset any special activity of nurses and truant officers 
in certain parts of the city or among any special groups of the general population. 

It was originally intended to have a competent, trained person giving his entire 
time to the making of supplementary observations of the air conditions in the class- 
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rooms. ‘ These observations would include the physical tests necessary for the 
determination of: 
a. Relative humidity c. Air motion 
b. Air change d. Dust 
e. Carbon dioxide. 

The right person for this post was not found and ultimately the Commission’s 
research engineer from Cataraugus County and the writer made one round of the 
classrooms to check the accuracy of the room thermometers, to determine the cor- 
rections that must be applied to the recorded temperatures and to get some idea 
of the heat distribution and the relative humidities. 

The pupil session has been taken as the unit of measurement; the absence of 


TABLE 3. ATTENDANCE AND HEALTH RECORDS 
In Mechanically Ventilated Schools 





SCHOOLS 
Attendance and Health Included in Study 
Item Records Salem Hyde Seymour Danforth Total 
A Total pupil sessions 33,105 126,464 68,885 228,454 
B_ Total absences 2,116 9,704 4,593 16,413 
Per cent of total pupil sessions 6.4 rok 6.7 7.2 
C Absences due to respiratory illness 1,128 3,249 2,443 6,820 
Per cent of total pupil sessions 3.4 2.6 3.5 3.0 
Per cent of total absences 53 33 53 41 
D__s“ Pupil sessions attended 30,989 116,760 64,292 212,041 
Per cent of total pupil sessions 93.6 92.3 93.3 92.8 
E Respiratory illness among pupils 
present 6,765 17,189 4,763 28,717 
Per cent of total pupil sessions 20.4 13.6 6.9 12.6 
Per cent of pupil sessions at- 
tended 21.8 14.7 7.4 13.6 
F Respiratory illness among pupils 
present and absent 7,893 20,438 7,206 35,537 
Per cent of total pupil sessions 23.8 16.2 10.4 15.6 
G Mean temperatures (° F.) 70.2 70.1 69.5 70.0 
H_ Average age of pupils: years 8.3 5 we | 9.5 10.3 
I Percentage pupils of American 
parentage 91.8 62.0 85.5 72.7 
J Number of pupils 146 707 379 1,232 


ten pupils for a single session is counted the same as the absence of one pupil for a 
school week of ten sessions, and so on. 

Enough has been told in these two sections to show that while the study was of a 
purely preliminary nature, and, therefore, must not be clothed with more reliability 
than the methods warrant, the data have been collected with a care that will at 
least recommend their examination and the tentative acceptance of any out- 
standing significant results as indications of phases of the problem requiring further 
study. 


Gross Results 


The gross or crude results of the study are shown in Table 2. 
It will be seen that the study covered some 366,000 pupil sessions; that the 
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Fic. 5. ‘TEMPERATURE DIFFERENCE (1) ABSENTEEISM (2) IN MECHANICALLY AND 
NATURALLY VENTILATED SCHOOLS AND RESPIRATORY ILLNESS ABSENTEEISM (3) IN 
MECHANICALLY AND NATURALLY VENTILATED SCHOOLS BY WEEKS 





mechanically ventilated schools showed excesses of 47 per cent in total absenteeism, 
67 per cent in absenteeism due to respiratory illness, of 80 per cent in the pupil 
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sessions attended with respiratory illness, and of 77 per cent in respiratory illness 
among the pupils present and absent. 

The detailed records on which these figures are based are given in Table 3 for the 
mechanically ventilated schools, and in Table 4 for the naturally ventilated 
schools. For ready reference, these tables show also the mean temperatures, the 
total number of pupils, the average ages of the pupils and the percentage of pupils 
of American parentage. 

The incidence of respiratory illness, which was taken as the criterion in judging 
the relative merits of the types of ventilation under consideration, is known to have 
& seasonal variation and in the attempt to discover the cause of the differential 


TABLE 4. ATTENDANCE AND HEALTH RECORDS 
In Naturally Ventilated Schools 





SCHOOLS 
Attendance and Health Included in Study 
Item Records Montgomery Merrick Townsend Totals 
A Total pupil sessions 54,346 41,079 42,171 137,596 
B_ Total absences 3,523 1,669 1,576 6,768 
Per cent of total pupil sessions 6.5 4.1 3.7 4.9 
C Absences due to respiratory illness 1,089 977 434 2,500 
Per cent of total pupil sessions 2.0 2.4 1.0 1.8 
Per cent of total absences 31 59 28 37 
D_s Pupil sessions attended 50,823 39,410 40,595 130,828 
Per cent of total pupil sessions 93.5 95.9 96.3 95.1 
E_ Respiratory illness among pupils 
present 4,956 2,448 2,254 9,658 
Per cent of total pupil sessions 9.1 6.0 5.4 7.0 
Per cent of pupil sessions at- , 
tended 9.8 6.2 5.6 7.4 
F Respiratory illness among pupils 
present and absent 6,045 3,425 2,688 12,158 
Per cent of total pupil sessions 11.1 8.4 6.4 8.8 
G Mean temperatures (° F.) 71.7 68.3 65.8 68.5 
H_ Average age of pupils: years 9.9 8.9 8.2 9.1 
I Percentage pupils of American 
parentage 65.0 91.4 4.6 54.6 
J Number of pupils 325 232 237 794 


effects noted in the above tables, daily, weekly and monthly records of this study 
were correlated with the outdoor weather data based on the observations of the 
Syracuse Station of the United States Weather Bureau. The daily records of 
individual schools contained such wide variations as to give little suggestion of the 
cause-and-effect relationship; the monthly summaries were similarly lacking in 
information. However, the consolidated weekly data for the schools, grouped 
according to type of ventilation, when considered with the weekly weather sum- 
maries present a matter that is considered of sufficient importance for special men- 
tion here. 

For the purpose of simplification, these data are presented graphically in two 
charts. Fig. 5 shows the curves of total and respiratory illness absenteeism in the 
two types of schools, together with an outdoor day-time temperature curve in- 
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verted by the simple process of subtracting the Monday-to-Friday mean temper- 
atures at 8 a.M., noon, and 4 p.m. from 70 deg., which is sufficiently close to the 
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indoor temperature of the schools as to make this inverted temperature curve 
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reflect at the same time the difference between the indoor and the outdoor tem- 
perature. j 
Before embarking on any detailed discussion of the curves or their relationships, 
certain facts concerning the study and the school routine should be mentioned. 
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First, the study started November 29, and was, therefore, in operation but four 
weeks before it was interrupted by the Christmas holidays. The teachers’ report 
that absenteeism is generally greater after holidays is supported by the attendance 


Temp. 
73 


72 


W 





Jo 
63 
63 
67 
g.O 4° zo 3° 4o To 
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According to Type of Ventilation 
Fic. 7. M&AN TEMPERATURES AND AVERAGE RESPIRATORY ILLNESS ABSENTEEISM 
By GRADES* 


records, but that portion of it due to respiratory illness does not appear to be much 
greater after the holidays than before. Second, the week ending January 21 was 
the week of the Regent’s examinations, certain lower grade classes being excused, 
others operating under unusual conditions with the result that total absenteeism 


* Per cent of total pupil sessions. 
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and respiratory illness absenteeism in all schools is reduced in this week. Third, 
the week ending January 28 is the first week of the new term, when pupils who ulti- 
mately joined the classes, but who were absent for respiratory illness or other cause 
are not shown as absentees because they had not registered. This accounts for the 
dip in all the absence curves for that week. : 

If the first month of the study is discarded as a trial period and the next month 
because of the irregularities mentioned, the only valid portion of the curves is that 
from the week of February 4 to the end of the study—April 14—and the discussion 
of these charts will be restricted to this eleven-week period. 

A glance at Fig. 5 will show that, although the total absenteeism in the me- 
chanically ventilated schools (the second curve from the top) is uniformly higher 
than in schools with natural ventilation (Curve 3), neither of these curves shows 


TaBLe 5. SuMMARY OF CERTAIN FINDINGS FoR Six SCHOOLS 


Pupils of Ratio Pupils 
American tory R.I. Abs. Present 
Parentage Total to Total with 
School Per Cent Absenteeism* Absentecism* Per Cent Resp. Iil.* 
Mechanically Ventilated 
Salem Hyde 91.8 6.4 3.4 53 21.8 
Seymour 62.0 y Ae 2.6 33 14.8 
Danforth 85.5 6.7 3.5 53 7.4 
Total 72. 7.2 3.0 41 13.6 
Naturally Ventilated 
Montgomery 65.0 6.5 2.0 31 9.1 
Merrick 91.4 4.1 2.4 59 6.0 
Townsend 4.6 3.7 1.0 5.4 
Total 54.6 4.9 1.8 a 


* Per cent of total pupil sessions. 


any resemblance to the inverted temperature curve (at the top), suggesting that, in 
general, attendance is not adversely affected by outdoor temperature, or by the 
difference of temperature between indoors and outdoors. On the other hand, 
Curves 4 and 5—respiratory illness absenteeism in mechanically and naturally 
ventilated schools, respectively—have the same general downward trend as Curve 1 
but apparently this is simply the effect of the well recognized seasonal prevalence 
of respiratory illness. Detailed comparison of the weekly trends of the curves 
shows so many instances of directly contradictory tendencies as to suggest that 
aside from their mutual relationship to the seasonal prevalence of respiratory ill- 
ness, they have little in common. Before passing to the discussion of Fig. 6, 
attention is directed to the parallelism between Curves 2 and 4, which indicates 
that respiratory illness is a very important cause of absenteeism in mechanically 
ventilated schools. The relationship between Curves 3 and 5 is by no means so 
striking. 

In Fig. 6 is presented what may turn out to be the outstanding finding of the 
study. The lower curve of this chart is the weekly precipitation—rain and melted 
snow—while the upper curves are the rates of respiratory illness absenteeism in the 
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mechanically and naturally ventilated schools. Again confining discussion to that 
period from February 4 to April 14, a marked similarity is noticed in the peaks of 
the upper and the lower curves. In other words, there appears to be a relation- 
ship between precipitation and respiratory illness absenteeism in the mechanically 
ventilated schools, which relationship does not appear to hold at all for the naturally 
ventilated schools. 

Is there any reason or explanation for this differential effect? The mean tem- 
perature of the mechanically ventilated schools was 70.0 deg. fahr., while that of 
the naturally ventilated schools was 68.5 deg. fahr. 

The conclusion that respiratory illness among the pupils is solely a direct function 
of the indoor temperature is not warranted in view of the fact that the naturally 
ventilated Montgomery School, in spite of the highest average temperature (71.7 
deg. fahr.) of the six schools included in the study showed the second lowest respira- 
tory illness absenteeism (2.0 per cent). This contention is further supported by 


TaBLe 6. Ratio of RESPIRATORY ILLNESS ABSENTEEISM 
Total Respiratory Illness (7. ¢., among Pupils Present and Absent) 


Percentage - Ratio 

of Pupils R. I. Abs. 

of American Pupils with Renpieattey Iliness to Total R. I. 
School Parentage Total Absent xX 100 
Mechanically Ventilated 
Salem Hyde 91.8 23.8 3.4 14.3 
Seymour 62.0 16.2 2.6 16.0 
Danforth 85.5 10.4 3.5 33.7 
Total 72.7 15.6 3.0 19.2 
Naturally Ventilated 

Montgomery 65.0 11.1 2.0 18.0 
Merrick 91.4 8.4 2.4 28.6 
‘Townsend 4.6 6.4 1.0 15.6 
Total 54.6 - 8.8 1.8 20.5 


Note: For every 100 pupil sessions of respiratory illness, there were due to that 
cause in Salem Hyde School 14 absences; in Seymour 16; in Danforth 33: etc. 


Fig. 7, which shows the curves of average respiratory illness absenteeism correlated 
with average room temperatures by grades for the two types of ventilation. 

These curves are based on the crude data from the six schools, and do not take 
age and race stock into consideration, but their slope indicates that while, for each 
type of ventilation, higher temperatures are generally associated with higher rates 
of respiratory illness absenteeism, the diffezence of slope indicates that there is some 
other unfavorable agency at work in the mechanically ventilated schools. 

From the single series of observations for relative humidity, there appeared to 
be no significant difference in the moisture content of the air in the two types of 
schools. The air and floor space per pupil are not significantly different. There 
remains the matter of air change and air motion. 

It is possible that the higher rate of air change in the mechanically ventilated 
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rooms, which is assumed in the absence of data on that point, causes such rapid 
evaporation of the moisture in the shoes and clothing of the pupils in these schools as 
to chill them, perhaps insensibly, due to the absorption of their body heat as the 
water changes from liquid to vapor, and that in consequence of this chilling, respira- 
tory diseases develop from the organisms generally present in the noses and throats 
of the pupils during the winter season. 

This finding suggests that mechanical systems of ventilation should provide 
lower quantities and lower velocities of air in classrooms, and that there should be 
special provision, particularly in mechanically ventilated schools, for the drying 
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Respiratory Illness Absenteeism Rate Group 
Per Cent of Total Pupil Sessions 
Note: 
In Grades 2-6 of Seymour, Danforth, Montgomery and Merrick Schools. 
Average of grade numbers of rooms (a rough index of age) falling in the Respiratory 
Illness Absenteeism Rate Group. 


Fic. 8. RESPIRATORY ILLNESS ABSENTEEISM ACCORDING TO SCHOOL 
GrapDgE (AGE) oF PUPILS 


and warming of the feet of the pupils in stormy weather. So much for the indica- 
tions of the gross results! 


Does a critical examination of the data from the individual schools shed any 
further light on these findings? 

A comparison of ratios given in Column 5 of Table 5 with the percentage of pupils 
of American parentage in Column 2, shows that in schools having a high percentage 
of pupils of American parentage, the effect of respiratory illness on the total ab- 
senteeism is much more pronounced than in schools where the population contains 
a higher percentage of pupils of foreign parentage. The conclusion that American 
born parents would keep their children home more readily because of a slight dis- 
turbance, whereas the foreign born parent would send the child on to school is not 
supported by the relative attendance of pupils with respiratory illness at the Salem 
Hyde School. However, if this school from which an unusually high incidence of 
respiratory illness was reported among the pupils present, were omitted from con- 
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TABLE 7. AVERAGE ABSENTERISM BY GRADES* 
Mechanically Ventilated Schools 























GRADES School 

School 2 3 4 5 7 8 Average 
Salem Hyde 6.8 TB By Bids) xx cual san 6.4 
-ymour 2. BS Ge..b.a-, 66... $4.. Sa 7.7 
Danforth oe * Rie pen see 6.7 
Grade averages a2 24.4.6... a0. O34 . 33 7.2 

Naturally Ventilated Schools 

GRADES School 

School 2 3 4 5 6 7 8 Average 
Montgomery ne: ee Sak ee eek 6.5 
Merrick 48 4.5 4.1 3.6 3.0 4.0 
Townsend ete oe white és 3.7 
Grade averages 5.0 3.9 6.5 4.6 5.8 4.9 





* Per cent of total pupil sessions. 


TABLE 8. AVERAGE RESPIRATORY ILLNESS ABSENTEEISM BY GRADES* 


Mechanically Ventilated Schools 























GRADES School 

School 2 3 a 5 6 7 8 Average 
Salem Hyde a7 .- 6.3 3S; BS ba —e ae 3.4 
Seymour ne 2S 2S 223 33 38 84 2.6 
Danforth §.2 5.1 2.9 3.5 -1.4 an ee 3.6 
Grade averages an £2... Bt im 24 Be 3.0 

Naturally Ventilated Schools 

GRADES School 

School 2 3 4 5 6 7 8 Average 
Montgomery 9.0: 8.5 °36-'314 3.6 2.0 
Merrick is ae! ae ae 2.4 
Townsend = Eepeogeererres,.. oe 1.0 
Grade averages Rae. -Rew.:: Bee. .t ee ae 1.8 





* Per cent of total pupil sessions. 


sideration, the tendency of American parents in this regard appears to be to keep 


ailing children home. This point is brought out in Table 6. 


This comparison clearly indicates that race-stock and respiratory illness ab- 
senteeism are related and that, as a consequence, one is not justified in a deduction 
of the relative merits of different types of ventilation on respiratory illness absenteeism 
unless the racial composition of the populations of the different groups is practically 


identical, 


The effect of the age distribution of the pupils is likewise important as is brought 


out in Table 7. 


The progressive decrease in absenteeism with the advance in grade is most strik- 
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According to Type of Ventilation with Room Temperatures, Age and Nationality 


of Pupils Balanced 


























Mechanically Naturally M. tt 
Ventilated Ventilated Ventilated 
Attendance and Health Records Schools Schools Schools 
A Total pupil sessions 166,245 95,425 
B_ Total absences 11,687 5,192 
Per cent of total pupil sessions 7.0 5.4 29% 
C Absences due to respiratory illness 4,845 2,066 
Per cent of total pupil sessions 2.9 2.2 32% 
Per cent of total absences 41 40 
D__s Pupil sessions attended 154,558 90,233 
Per cent of total pupil sessions 93.0 94.6 
Respiratory illness among pupils present 14,545 7,404 
Per cent of total pupil sessions 8.8 7.8 13% 
Per cent of pupil sessions attended 9.4 8.2 14% 
F Respiratory illness among pupils present 
and absent 19,390 9,470 
Per cent of total pupil sessions 11.7 10.0 17% 
G Mean temperatures (° F.) 70.0 70.3 
H_ = Average age of pupils’ years 10.0 9.5 
I Percentage of children of American 
parentage 71.0 76.0 
J Number of pupils 1,086 557 
TABLE 10. ATTENDANCE AND HEALTH RECORDS 
Two Mechanically Ventilated Schools 
SCHOOLS 
Attendance and Health Records Seymour Danforth Totals 
A Total pupil sessions 97,360 68,885 166,245 
B_ Total absences 7,094 4,593 11,687 
Per cent of total pupil sessions 7.4 6.7 7.0 
C Absences due to respiratory illness 2,402 2,443 4,845 
Per cent of total pupil sessions 2.5 3.5 2.9 
Per cent of total absences 34 53 41 
D Pupil sessions attended 90,266 64,292 154,558 
Per cent of total pupil sessions 93. 93.0 
Respiratory illness among pupils present 9,782 4,763 14,545 
Per cent of total pupil sessions 10.0 6.9 8.8 
Per cent of pupil sessions attended 10.8 7.4 9.4 
F Respiratory illness among pupils present and 
absent 12,184 7,206 19,390 
Per cent of total pupil sessions 12.5 10.4 11.7 
G Mean temperatures (° F.) 70.2 69.5 70.0 
H_ Average age of pupils’ years 10.2 9.5 10.0 
I Percentage of children of American parentage 60.0 85.5 71.0 
J Number of pupils 707 379 1,086 
ingly illustrated in the schools with the more homogeneous populations: Salem 
Hyde, Danforth, Merrick and Townsend. In Seymour and Montgomery, after 

















126 TRANSACTIONS AMERICAN SocieTy OF HEATING AND VENTILATING ENGINEERS 


TaBLe 11. ATTENDANCE AND HEALTH RECORDS 








Two Naturally Ventilated Schools 
SCHOOLS 
Attendance and Health Records Montgomery Merrick Totals 
A Total pupil sessions 54,346 41,079 95,425 
B__ Total absences 3,523 1,669 5,192 
Per cent of total pupil sessions 6.5 4.1 5.4 
C Absences due to respiratory illness 1,089 977 2,066 
Per cent of total pupil sessions 2.0 2.4 2.2 
Per cent of total absences 31 59 40 
D Pupil sessions attended 50,823 39,410 90,233 
Per cent of total pupil sessions 93.5 95.9 94.6 
E Respiratory illness among pupils present 4,956 2,448 7,404 
Per cent of total pupil sessions 9.1 6.0 7.8 
Per cent of pupil sessions attended 9.8 6.2 8.2 


F Respiratory illness among pupils present and ab- 
sent 6,045 3,425 9,470 
Per cent of total pupil sessions 11.1 8.4 9.9 





G Mean temperatures (° F.) 71.7 68.3 70.3 
H_ Average of pupils’ years 9.9 8.9 9.5 
I Percentage of children of American parentage 65.0 91.4 76.0 
J Number of pupils 325 232 557 





TABLE 12. RESPIRATORY ILLNESS ABSENTEEISM AND MEAN ‘TEMPERATURES OF 
CLASSROOMS, SHOWING GRADE, TyPE OF VENTILATION AND NATIONALITY OF PARENTS 




























































































oF PUPILS 
Mean Respiratory Illness Absenteeism Rate Group 
Temp. No. of 
ia FB) o-1 1-2 2-3 3-4 4-5 5-6 6-7 Rooms 

75 N4F 1 

74 0 

73 N5F 1 

72 M4A 1 

71. N3F|M2F N2F/ M3F 6 

N6F | M6F 
70 M5F N2F|M2F N4A/M2F N6F/ M2A M3A M2A 14 
M6F N3F|M4F N4F 
M4FP 
69 M3F N6A/|M4F M4A M3F 10 
M3F M5F M3A 
M5A 
M6F 

68 M6A N2A N3A 3 

67 N3A | M5A 2 

66 M6A N5A 2 
No. of rooms| .. 14 14 6 2 3 1 40 | 
Average 

grade no. ne 4.5 3.9 3.5 3.5 3.0 2.0 
Type of 

ventilation | .. |6M 8N |10M 4N |3M 3N |2M ...|3M cos | Ome of 40 
Race-stock -. |10F 4A 10F 4A 3F 3A eee 2A | 1F 2A }... 1A 40 
Av. temp. 

(°F. ) ee 70.3 70.3 69.7 68.8 69.7 70.7 
M—Mechanical Ventilation A—High Percentage Pupils of American Parentage 
N—Natural Ventilation F—High Percentage Pupils of Foreign Parentage 
Numbers are Grade Numbers 
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showing decreases in the early years, a definite up-turn is noted after the fourth or 
fifth grade. This indicates that the age distribution of the groups should also be 
approximately identical before any very reliable conclusions may be deduced, al- 
though Table 8 which presents the respiratory illness absenteeism by grades 
does not show the same relationship with grade as does total absenteeism. 


Refined Results 


The critical examination of the gross findings of the study was sufficiently in- 
dicative of precautions that must be observed in interpreting these findings as to 
warrant a recast of the data with due regard to these indications. This has been 


Percent. 


red ft 


3 





O-l fh 2-3 J-4 4-5 §-6 67 


Respiratory Illness Absenteeism Rate Group 
Per Cent of Total Pupil Sessions 


@@ Mechanically Ventilated Schools 
co Naturally Ventilated Schools 


Note: Percentage of rooms in Grades 2-6 of Seymour, Danforth, Montgomery 
and Merrick Schools, having the indicated type of ventilation, falling in the Re- 
spiratory Illness Absenteeism Rate Group. 

Differences in age, race-stock and mean temperatures are balanced. 


Fic. 9. RESPIRATORY ILLNESS ABSENTEEISM ACCORDING TO TYPE OF VENTILATION 


accomplished with the elimination of the Salem Hyde from the mechanically ven- 
tilated schools, and of Townsend from the naturally ventilated schools, and re- 
stricting consideration to grades 2 to 6 only. These schools were eliminated be- 
cause Salem Hyde is located in quite a different section of the city from any of the 
other schools, and Townsend is attended by pupils of a different race-stock. Of 
the remaining four schools, two (Seymour, mechanical, and Montgomery, natural) 
are in the same general neighborhood and are attended by much the same type of 
pupil. The same observations hold true for Danforth, mechanical, and Merrick, 
natural. The findings of this treatment of the data together with the mean tem- 
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peratures, the average ages of the pupils, and the percentage of pupils of American 
parentage are presented in Tables 9, 10 and 11. 

Although, as would have been expected with this refined treatment, the figures 
differ from those of the gross findings, and in spite of every remaining trace of 
influence of temperature, age and race in favor of the mechanically ventilated 
schools, the total absenteeism in these schools is 29 per cent higher and the respira- 
tory illness absenteeism 32 per cent higher than in the naturally ventilated schools. 


Percent. 


fo 





o-s (2 23 IF “Ss 3-6 6-7 


Respiratory Illness Absenteeism Rate Group 
Per Cent of Total Pupil Sessions 


@ms High Foreign Parentage 
tc High American Parentage 


Note: 


In Grades 2-6 of Seymour, Danforth, Montgomery and Merrick Schools. 
Per cent of rooms in schools having the indicated distribution of pupils by nation- 
ality of parents, falling in the Respiratory Illness Absenteeism Rate Group. 


Fic. 10. REesPrRATORY ILLNESS ABSENTEEISM AND Racg-STock 


Restricting consideration to grades 2 to 6 (both inclusive) in these four schools, 
in order to balance the influence of the factors mentioned above, the frequency 
Table 12 has been derived from the original data. 

Figs. 8, 9, 10 and 11 have been prepared from Table 12. 

Chart, Fig. 8, shows that regardless of differences of race and room temperature, 
respiratory illness absenteeism appears to be related to the school grade of the 
pupil (a rough index of age); the higher the grade (age), the lower the respiratory 
illness absenteeism. 

Chart, Fig. 9, shows the percentage of rooms of the two types of ventilation under 
consideration falling in the indicated respiratory illness absenteeism rate groups. 
In naturally ventilated schools, 53 per cent of the rooms reported respiratory illness 
absenteeism rates between 1 per cent and 2 per cent, 27 per cent between 2 and 3, 
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and the remaining 20 per cent showed respiratory illness absenteeism rates less 
than 4 per cent. In the mechanically ventilated schools, only 24 per cent of the 
rooms had respiratory illness absenteeism rates from 1 per cent to 2 per cent, 
whereas 40 per cent of the rooms had rates between 2 per cent and 3 per cent and 12 
per cent between 3 per cent and 4 per cent, etc. 

Chart, Fig. 10, shows the relationship of race-stock to the respiratory illness 
absenteeism rate. The rooms attended by pupils among whom the percentage of 
foreign parentage is higher, show a decided tendency toward low rates of re- 
spiratory illness absenteeism. In Table 6, it was shown that the pupil of 


Temp. 


Li 





Of 1-2 23 FF 45 SE 6-7 


Respiratory Illness Absenteeism Rate Group 
Per Cent of Total Pupil Sessions 


Note: 


Mean temperatures of rooms in Grades 2-6 of Seymour, Danforth, Montgomery 
and Merrick Schools, falling in Respiratory Illness Absenteeism Rate Group. 


Fic. 11. Resprratory ILLNESS ABSENTEEISM AND MEAN TEMPERATURES 


American parentage was more apt to be kept home if he showed signs of 
illness, 


Chart, Fig. 11, shows the mean room temperatures corresponding to the various 
rates of respiratory illness absenteeism. With a greater number of rooms under 
observation, a different result might have been obtained, but the present study does 
not show any definite relationship between room temperature and respiratory illness 
absenteeism when the findings of all the rooms (in grades 2-6 of these four schools) 
are grouped and the factors of type of ventilation, age and race-stock are not con- 
sidered. 

These charts have been prepared to demonstrate the importance in a study of this 
nature of the age and race composition of the populations of the various schools. 
It would have been equally important to examine the effect of the sex 
distribution in the various schools, had this factor shown any marked 
variation. 

Chart, Fig. 12, shows how the refined results compare with the crude findings of 
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the study and at the same time illustrates the superiority of the health effects of 
natural ventilation which this preliminary study indicates. 
Conclusions 

If our original data had been based on the more reliable foundation of diagnosis 
of respiratory illness by competent persons, and had our follow-up of absentees 


Crude Findings Refined Results 
Per Cent Total Absenteeism* 


feo 





Respiratory Illness Absenteeism* 





Respiratory Illness among Pupils Present* 





== =§=©Mechanically Ventilated Schools 
co 6._s&$NNaturally Ventilated Schools 


Fic. 12. ATTENDANCE AND HEALTH RECORDS IN MECHANICALLY AND NATURALLY 
VENTILATED SCHOOLS 


been such as to preclude the possibility of falsification of cause of absence, and had 
the numbers of individuals included in our study been greater, we should be war- 
ranted in making the unqualified assertion of what this preliminary study strongly 
suggests, namely, that natural ventilation has some inherent virtue which mechani- 
cal ventilation does not possess, or that mechanical ventilation involves some harm- 
ful influence from which natural ventilation is free. 

The high correlation between respiratory illness absenteeism in the mechanically 


* Per cent of total pupil sessions. 
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ventilated schools and precipitation has been shown. For those interested in the 
mathematical relationship, it should be stated that with the seasonal trend of 
respiratory illness removed, the correlation ratio for the period February 4 to 
April 14 is +0.82 + 10, apparently both reliable and significant, whereas the corre- 
sponding figures for the naturally ventilated schools are +0.35 + 0.27, demon- 
strating no significant correlation. 

It shall be our endeavor through further studies to remove the doubts that cloud 
the findings of this preliminary study and to demonstrate whether the high rate of 
air change is the causative agency in the excess of respiratory illness absenteeism 
in the mechanically ventilated schools. 


DISCUSSION 


Prerry West (Writren): I feel that we are particularly fortunate in having 
Mr. Duffield present these data and conclusions of the New York State Commission 
on ventilation studies in the Syracuse Schools to us at this time for discussion. 

In studying this report, I am greatly impressed with the intentions of fairness 
and with the extent to which the investigations and the analyses have been carried 
on in an honest endeavor to discover the underlying causes of whatever differences, 
if any, may exist between the effects of these different kinds of ventilation. 

It seems to me that these data and the spirit in which they are presented together 
with their full and open discussion by the members of this Society should consti- 
tute a big step toward a better cooperation on undertakings of this character in 
the future. 

This is the first time, to my knowledge, that in an analysis of this kind, it has 
been so definitely attempted to determine the influences of the seasons, the age of 
pupils, the race stock and the precipitation upon the absence and illness records due 
to respiratory diseases of the pupils. 

I am also impressed with the way mean values have been worked out and used 
instead of averages and feel that there is much in the technical methods of 
analysis to be commended. 

With all due respect to this great amount of data collected and to the great 
amount of work entailed in its analysis a careful study has convinced me that it 
would be improper to base any very definite conclusions upon this report. This, 
I believe, is also the general conclusion of the author, although in several places I 
believe that the conclusions suggested are not conclusively borne out by the data. 
Its chief value, I should say, lies in more clearly pointing the way to the attainment 
of more definite results in the future. In this respect it should more than prove 
the worth of the great amount of work involved and I, for one, should not wish 
to have anything which may be presented here in the way of constructive criti- 
cism, in any way construed as derogatory to the value of this paper. 

I should like to state my reasons for these conclusions and to discuss them as 
we go along as follows: 

First: That these studies, like all other such field studies of schoolhouse ventila- 
tion, are unfortunately based on the tests of different kinds of systems of ventila- 
tion instead of on the tests of different kinds of indoor schoolhouse atmospheric 
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conditions. In these tests more of the physical qualities of the indoor atmospheric 
conditions were recorded except the dry-bulb temperatures and these temperatures 
were only taken at one point in each room eight times per day. 

This means that we know comparatively nothing about the comparative 
physical qualities of the atmosphere within the various schools from which to begin 
a study to determine the particular property or‘properties responsible for the dif- 
ferent effects on the pupils. 

In the analysis of the dry-bulb temperature effects the conclusions seem to be 
diametrically opposed to all former contentions of the New York State Commission 
on Ventilation, to the effect that overheating was the greatest cause of respiratory 
illness. 

This may be due to the fact that the temperatures as taken do not reflect the 
time and space variations and also to the fact that in the analysis proper allowances 
are not made for the differences in race stock and age of pupils and for the differ- 
ences in the sizes and arrangement of the buildings. 

These are some of the reasons, in my judgment why Fig. 7 shows such an in- 
rease in the rate of respiratory illness absenteeism for the mechanically ventilated 
schools and comparatively no increase for the naturally ventilated schools in pro- 
portion to the increase in temperature. 

There is still another and more important reason for the great difference in the 
slope of these two curves in Fig.7. By referring to Table 3, item A, you will note that 
while the temperatures for the mechanically ventilated schools are more regular 
than those for the naturally ventilated schools, as shown in Table 3, item B, there is a 
consistent decrease of temperature with increase of the grades in the mechanically 
ventilated schools and just the reverse in the naturally ventilated schools. 

By referring to Fig. 8 you will note that the rate of respiratory absenteeism de- 
creases with the increase of the age of the pupils at the rate of about 1'/, per cent 
per grade. 

It is easy to see, therefore, that the influence of the difference in grades was work- 
ing in parallel with the influence of the difference in temperatures in the mechani- 
cally ventilated schools and directly opposed in the naturally ventilated schools. 

It should also be pointed out that Fig. 7 is based on data in Table 8 which 
includes the data on the Salem Hyde and Townsend Schools (as given in Table 6) 
which schools were thrown out by the author in his final analysis on account of the 
wide differences in the race stock of the pupils in these two schools. 

As a matter of fact this Fig. 7 should be recast from the detailed data on the four 
schools, not eliminated by their incomparable differences in rack stock, and by 
balancing the effects of grades. In this case it will be found that the two curves 
for respiratory absenteeism against dry-bulb temperatures will register about 
parallel not so far apart, conveying toward the zero rate of absenteeism between 
67 deg. fahr. and 69 deg. fahr. and increasing at the average rate of about 1 per 
cent per degree of temperature increase. 

The decrease in rate of absenteeism with increase in age will also be found to 
run more or less parallel when the influence of temperature differences is balanced. 

With further reference to the matter of temperatures it will be noted that the 
mean values given for mechanically ventilated schools are more regular than those 
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given for the naturally ventilated schools. This is as would be expected on account 
of the former being automatically and the latter manually controlled. 


It is reasonable to suppose that these manually controlled schools were operated 
as usual, i. e., by getting up a good fire early in the morning, letting it die down 
toward noon, getting up another fire in the afternoon and letting it die down in 
the late afternoon. This may mean that the pupils in these schools were subjected 
to the maximum temperatures for comparatively short periods while those in the 
other schools were in about the same temperatures all the time It would be 
interesting in this connection to have the pupil hour degrees for all of the schools. 


Second: There are so many variables consisting of different sizes and arrange- 
ment of buildings, race stock, age, sex and grade of pupils, temperatures, other 
physical properties of the indoor atmosphere, outside weather conditions, seasonal 
changes, precipitation, etc., many of which were not completely recorded, some not 
recorded at all and none of which were eliminated from any of the tests, that I do 
not see how any hard and fast conclusions can be drawn. 


It is true that every attempt has been made to balance off many of these disturb- 
ing factors but this has of course been impossible for without knowing the relative 
weight of each there is no proper way of compensation. 


The naturally ventilated buildings by having windows on two sides may get 
more sunlight which in turn may cause more vitality in the air or curtail the activity 
of the disease germs. These buildings by being smaller may be operated more 
like a small family with more attention to wet feet, proper clothing and other 
health precautions. The little red schoolhouse was a more healthful abode for 
our forefathers than is the modern school of today. It should be noted that there 
were about twice the number of pupils in the mechanically ventilated school as 
in the naturally ventilated ones. 

There may be something in relative volumes of air and air motions, but without 
any data except the general assumption that these are greater for mechanically 
ventilated schools we haven’t anything very definite to go on. 

There may be something in the vitality of entering air which has not come into 
contact with heaters but there are no data on this except the statement that part 
of the air for the naturally ventilated schools is bypassed around the heaters. This 
is also probably true of the mechanically ventilated schools. There should be 
data on this and as to the relative amount of direct radiation in the mechanically 
ventilated schools and as to the temperature of the incoming air to classrooms. 

There may be something in the temperature variations in the naturally venti- 
lated schools but the data with only eight temperature readings per day at one 
point in each room would not throw much light on this. 

Regardless of the fact that it is believed by some that the moisture contents of 
the air, the dust contents and the bacteria contents (within the ranges ordinarily 
found in classrooms) have no material bearing upon the results; we shall never 
know just what weight these factors exert without including them in such a study 
as this. In regard to the conclusions drawn regarding the incidence of respiratory 
absenteeism and precipitation it would seem to me that while interesting and very 
deserving of more study these are not borne out by even the curves in Fig. 6 as it 
will be noted that out of the ten-week period under consideration the trend of the 
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rate of respiratory absenteeism for mechanically ventilated schools followed the 
precipitation curve five weeks and the rate for the naturally ventilated schools 
followed it six weeks whereas the conclusions drawn are that the former follow the 
precipitation almost exactly and that there is little or no similarity for the latter. 
These precipitations and absenteeism curves may be misleading to some as they 
seem to be on a logarithmic scale. 

The hypothesis drawn that the higher rate of air change and air motion in the 
mechanically ventilated schools chills the pupils by rapid evaporation from wet 
clothing and shoes on rainy days only shows that more physical data are needed. 

Inasmuch as Figs. 8, 9, 10, 11 and 12 are all made up without any attempt to 
balance the other variable factors besides the one upon which each particular 
chart is based, it is very questionable as to what these would show with these 
variable factors eliminated. 

In the final conclusions drawn from what is termed the refined data it is stated 
that Fig. 12 illustrates the superiority of the health effects of natural ventilation 
which the preliminary study indicates. 

I think this should be interpreted in conjunction with the further statements 
regarding the author’s qualifications for making any positive assertion of what 
the study is said to suggest, namely, that natural ventilation has some inherent 
virtues which mechanical ventilation does not possess, or that mechanical ventila- 
tion involves some harmful influences from which natural ventilation is free. 

Third: It is unfortunate that here again we have all of this work and study done 
and interpreted by one interest whose intention, according to the origin and scope 
of this report, was to check and prove its own findings made in the New York 
City schools in 1913-17. 

It would seem that the cooperation of the medical profession and scientists in 
allied fields might prove of more value in collaboration with such work than in the 
mere criticism after it is all done. 

Here again I must say, as I have said many times before, that it does seem fun- 
damentally wrong for the school, Health and Medical authorities to continue try- 
ing to decide the design of Heating and Ventilating equipment instead of trying 
to decide the kind of indoor conditions they require, while the Heating and Venti- 
lating Engineer is forced to continue the research work of determining what is 
needed before he can design the proper apparatus to produce it. 

I believe that these Syracuse studies will bear much good fruit and that they 
will at least go a long way toward determining what factors must be balanced or 
eliminated in order to secure dependable results. 

The greatest light which it brings to me, however, is that this is an honest and 
conscientious endeavor to learn the truth and if the controversial idea of trying 
to test systems of ventilation could be eliminated and more cooperative work done 
among all of us along the lines of trying to find out just what there is in the atmos- 
pheric conditions that is most conducive to health and comfort, there would be 
little time lost in producing these conditions. I think a test set up for physiological 
reactions along the lines suggested by these studies parcelled with full data on the 
physical conditions of the indoor and outdoor atmospheres and without any idea 
of deciding from such tests alone the kind of apparatus best suited for school- 
house work is the real solution for some very constructive cooperative work. 
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A. R. Acneson (Wrirren): I am sure we all appreciate the comprehensive 
data that Mr. Duffield has submitted regarding the absences of pupils in certain 
schools under tests in Syracuse. Anyone who has studied this question realizes 
the difficulty of securing reliable information. 

This report and the earlier report of the Commission give some of the best 
available on this subject and I am sure considerable use will be made of this in- 
formation. 

When it comes to analyzing the results I find I cannot agree with Mr. Duffield’s 
interpretation. I am inclined to believe he has been misled by averages. 

The general procedure in scientific tests when trying to find the effect of a vari- 
able, is to keep other conditions as nearly constant as possible and vary the process 
which is being specifically considered and note the effect of this variation. If 
the variation is always in a certain direction one is justified in believing the effect 
is due to the variation. If, however, the variation is first in one direction and 
then in the other the engineer or scientist comes to the conclusion that some other 
variable is affecting the results. He thereupon proceeds to try and eliminate 
this variable and does not draw any conclusion as to the effect of the first variable 
until he gets the other variables eliminated. 

In the report under consideration the absence data are compared for schools 
with two systems of ventilation and it is tacitly assumed that the difference in 
absences is due to the difference in ventilation systems. If the absences were 
always greater for one system than for another this might be a fair assumption 
if supported by sufficient tests. However, when results vary first in one direction 
and then in another, in other words, they cris-cross, it would seem to indicate 
that other variables are having an effect. 

Of course, when one notices children are in school only a small proportion of the 24 
hours and that they are subject to varying weather conditions, food conditions, home 
conditions, etc., one does not have to look far for probable causes for the variations. 


As definite proof of the wide variation in absences due to the causes other than 
the ventilation system, I submit Table A. 


Tasie A. ABSENCES DuE To RESPIRATORY CAUSES, RATE PER 1000 Pupm, SESSION 
Units. CoMPILED BY A. R. ACHESON 


From N. Y. State Com. on Vent. Report, Pp. 605, 606, 429 


Moderate Temp. Fan 
Absence Rate per Absence Rate per 
School Room 1000 Room 1000 
2 BX 301 10.7 207 22.4 
302 Ps 307 13.2 
316 11.6 310 1.3 
P. S. 97 302 6.4 303 2.3 
313 woe 308 2.7 
501 3.0 502 6.8 
P. S. 115 312 23.3 308 44.0 
502 40.2 311 50.4 
503 29.8 cen a4 
Average of above schools 10.5 re 13.4 


plus several others 
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The data given in Table A are taken from the Ventilation Report of the New 
York State Commission on Ventilation and show the extreme variability of the data 
on Respiratory absences for different rooms in the same school even with the same 
ventilation system. The variation within a system is greatly in excess of the 
average difference between systems and so the data indicate that causes other than 
differences in ventilation systems are having a predominant effect. The ranges 
in the above data are from 3.0 to 40.2 for gravity systems and from 1.3 to 50.4 
for fan systems, whereas the averages for the above (plus certain other schools) 
are 10.5 for gravity systems and 13.4 for fan systems. 

As further evidence I would also submit Table B, as follows: 


TaBLeE B. Tora ABSENCES IN CERTAIN SCHOOLS, ELmrra, N. Y., EXPRESSED IN 
PERCENTAGES OF AGGREGATE ATTENDANCE, COMPILED BY A. R. ACHESON 


School 1924-25 1925-26 1926-27 

No.2 Grade 8.5 9.4* 8.5* Gravity Furnace 1924-25 
Changed to central fan 1925-26 

No.7 Grade 6.7 8.7 5.4 

No. 8 Grade 6.9 9.5 6.2* Gravity Furnace 1924-26 
Changed to central fan 1926-27 

No. 9 Grade 7.9 9.0 9.0 

No. 11 Grade 6.1 8.2 6.0* Gravity Furnace 1924-26 
Changed to central fan 1926-27 

So. Side High- Central Fan 

Grade Dept. 6.5* 5.2* 4.1* 


In the grade schools proper the figures indicated by (*) show where furnaces 
were removed and central fan systems installed. 

These data apparently indicate a marked improvement by changing from 
gravity to fan operation. However, note the variable data for No. 7 School, 
which was not changed at that time. Note also the data for the grade department 
of the South Side High, which are the lowest averages but vary approximately 
50 per cent. The variations are probably due to causes other than differences in 
ventilation systems. 

The data given in Table B indicate that it is misleading to draw conclusions 
regarding the causes of absences from data drawn from a few schools taken over 
a few years. 

The New York State Commission on Ventilation Report, page 432 states: 

In the analysis immediately following we have used chiefly the absence 
rates from respiratory illness, as they are believed to be more dependable, 
in comparing one school with another, than the rates for respiratory illness 
among those present in school. The latter rates vary widely, suggesting 
that the nurses interpret sickness quite differently. 

In the first study, at P. S. 39, the sickness in attendance rates were almost 
zero. In no other school were they so low, and in the second study, when 
a different nurse was assigned to P. 8. 39, the rates were well up with the 
other schools. Sickness resulting in absence is less likely to suffer through 
wide variation in diagnosis. : 

The difficulty of securing reliable data is plainly recognized; the unfortunate 
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thing is that conclusions are reached and widely promulgated from these data 
that vary so excessively that they prove nothing except their variability. 

Personally, I cannot see that the author is justified in ascribing to ventilation 
systems the differences in the absence in the different schools. I cannot find 
that the author has said in so many words that he ascribes the differences in ab- 
sences to the difference in ventilation systems but it is plainly the inference that 
the readers are expected to draw from test data as published here and in some of 
the school magazines. 

In view of the fact that the report will be issued under the name of the New 
York State Commission on Ventilation and will have a tremendous effect on the 
question of ventilating the schools I feel that the Commission should be requested 
either to immediately demonstrate that the conclusions are justified by the data 
or failing to do so should issue a denial of the obvious conclusions of the report. 

There are other features of the report which might be commented on at length 
but I will simply touch briefly on two further points. 

The author sees a resemblance in the form of the curve for absences and that 
for temperature drop below 70 deg. fahr. Careful analysis will show that one 
curve markedly departs from the other curve and no real resemblance can be 
fairly shown. Nor can the similarity between the precipitation and the absences 
be fairly demonstrated. If curves for the separate schools are compared with the 
precipitation it will be seen that they vary to a still greater extent. 

In respect to the old time argument regarding the proper amount of air the 
author suggests using a lower quantity than 30 c.f.m. per pupil. Many engineers 
are in favor of a slightly lower quantity and personally I am in this category. 
However, having an opinion is vastly different from having proof and what we 
engineers are looking for is a really scientific proof that a lower c.f.m. will give better 
results. Some of us for years have been operating systems at 20 c.f.m. with what 
we considered good results; but we must admit that we are still looking for evi- 
dence that is conclusive. It takes time, money and skill to get this evidence in 
acceptable form and we look to the Commission to continue its efforts to get the 
information needed. 

I would like to take this opportunity to state that in some of the tests recorded 
by the Commission the fans were delivering sometimes more than 25 per cent 
excess air and everyone knows that it is the excess above the optimum amount 
which causes much trouble. 

In conclusion might I suggest that the Commission be requested to make a 
suitable authoritative statement regarding this report and that they be requested 
to continue their investigation making same as comprehensive as possible and 
repeating tests in the same schools for several years until such time as they can 
either eliminate variables not being tested or demonstrate that the variables are 
too widely effective so that this method cannot be satisfactorily used to demon- 
strate the value of the particular systems being tested. 


D. D. Kimpatt: I have no criticism of what has been said. I wish to refer to 
something of which some of you know about and of which I wish all might know 
about, and that is the attempt made about a year ago to form a Central Conference 
Committee on Ventilation, made up of three members of the Society, two of the 
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Ventilation Commission, one from the American Public Health Association, and 
one jointly from the American Medical Association and the American Education 
Association, making seven members, of which W. H. Carrier was made Chairman. 
This Central Committee was expected to formulate plans to bring together all of 
those who were interested in investigating and studying the problem of school 
ventilation. 

The first effort was to find a basis of measuring results from. There were those 
who felt it should be purely on atmospheric conditions of the room, and others who 
felt those conditions certainly should be determined and recorded, but that the 
ultimate measure should be based upon the effect on the health of pupils. This 
movement fell down because there could be no agreement. The final proposal 
was that this investigation should be made, taking all atmospheric records, all 
conditions that have even been suggested here or elsewhere, and that similarly the 
records of the health of the pupils, should be taken, and that the results should be 
subjected to careful study. We couldn’t even agree on that basis. 


It seems to me that one of the finest movements that had been started and I 
(and I know others) felt very badly that it couldn’t have been carried through. 


Joun Howartrt: I was glad to hear what has been said and particularly the 
warning sounded by Mr. West and Prof. Acheson against drawing conclusions on 
data or figures obtained in the manner that they are bound to be obtained in this 
sort of an investigation. There are so many factors that cannot be determined 
accurately, results can be analyzed only with great difficulty. 


I was interested in the statement made by Mr. Duffield that children born of 
American parents appear to be more susceptible to respiratory diseases than those 
born of foreign parents. I think he comes to that conclusion because he bases 
his statement on absenteeism from school. I believe the facts are that. children 
born of American parents are probably watched more carefully and it will be found 
that the child of foreign born parents is sometimes sent to school when quite ill; 
it requires a serious illness to frighten parents of foreign birth into keeping their 
children out of school. On the other hand, the American born parents keep them 
out of school on very slight pretext so absenteeism may not be a true index of ill- 
ness among school children. Factors of this nature must be considered in attempt- 
ing any analysis of data obtained in any school population. 

Mr. Duffield visited Chicago a little while ago and he was able to get out of it 
safely although newspaper stories might lead one to expect a different ending. He 
interviewed our former health commissioner about conducting a series of experi- 
ments in ten of our public schools and in an equal number of our parochial schools 
in Chicago. The number of pupils involved would have been about 30,000. He 
came to see me and with our superintendent of schools agreed upon ten buildings 
located so as to represent a cross-section of the races found in Chicago. The 
buildings tentatively agreed upon have an average equipment as to ventilation 
and might be considered typical. The preliminary steps were taken, the forms 
prepared, and general working rules submitted. However, certain changes in 
personnel and administration affairs took place shortly after this time and nothing 
has been done further in the study of this problem. 


I want to take this opportunity to say that I am a firm believer in the fact that 
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our worst trouble in ventilation comes from overheating and overcrowding. I 
believe we overheat our homes, our offices, our bed rooms, and our schools and I 
am convinced that is one place where we should correct our practice. Overheating 
in homes should be corrected first, for until that is done and people become acecli- 
mated to lower temperatures, we cannot lower the temperature in school rooms 
without discomfort to teachers and pupils. 


C. J. Dovextry: Coming, as I do from Toronto, Canada, a city which enjoys 
somewhat the same climate as Boston, although possibly colder in the winter and 
sometimes warmer than Los Angeles in the summer, I am very much interested 
in this paper and discussion. 

I was wondering if this committee made any attempt to ascertain the home con- 
ditions of the pupils attending these schools. Possibly some of the criticisms 
made against mechanical ventilation are due to the method of heating the home. 
We have warm air and steam furnaces in the homes of our American-born children 
and possibly in a great many cases neither warm air furnaces nor ventilation in the 
homes of foreign-born children. I think it would be worth while to know this 
because I, for one, do not believe that the foreign child is any healthier than the 
American child or the Canadian child. It is a thing of vital importance to our 
Toronto Board of Education. We have much the same conditions as they have in 
Boston—in that some of our school caretakers do not operate the ventilation plants 
and some operate them only for a short time. I think it is unfair to always criti- 
cize the mechanical ventilation when it is not given a fair chance. We also have a 
few schools in Toronto that are ventilated by the open window method. 

I would like to know if the committee has taken home conditions into considera- 
tion because I believe this might possibly show a big difference in some of our 
school attendance records. 


T. J. Durrretp: In reply to Professor Acheson’s observations, I want to empha- 
size certain points which I thought had been made clear in my paper. In compli- 
ance with the general procedure in scientific tests, as Professor Acheson has de- 
scribed it, we recognized five variables in the Syracuse School Ventilation Study. 
They are: 

1. Age of Pupil 

2. Race-Stock of Pupil 

3. Average Classroom Temperatures 
4. Incidence of Respiratory Illness 
5. Type of Ventilation. 

With the restriction of consideration to grades two to six (both inclusive) the 
age variable is eliminated. With the restriction of consideration to the four schools, 
with one of each type of ventilation in the same neighborhood, the race-stock 
variable is eliminated and probably the implied variables of home and food condi- 
tions as well. 

In the four schools, considered in what I have referred to as the refined results, 
it so happens that the temperature variable is automatically eliminated. As be- 
tween the schools under consideration, relative humidity is not a variable, nor is 
the outdoor weather condition. As I see it, then, this leaves type of ventilation 
as the only remaining variable affecting the incidence of respiratory illness among 
the pupils. In view of the fact that every average presented in this report has 
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been computed from the original figures, there being no averages of averages, I 
am not prepared to accept Professor Acheson’s suggestion that in my interpreta- 
tion of our findings, I have been “misled by averages.” 

Further, it may be shown by Table 8 that taken grade by grade, in schools of 
approximately identical race-stock characteristics, in eight out of ten instances the 
naturally ventilated school has a lower rate of respiratory illness absenteeism than 
does the mechanically ventilated school. The ratio of rooms with pupils of a 
higher percentage of foreign parentage to those with a high percentage of American 
parentage is the same in the mechanically and the naturally ventilated schools, 
so the inequality of the number of rooms is equally distributed. Correction for 
this factor works slightly to the disadvantage of the mechanically ventilated 
schools in decreasing the effect of the findings from the Seymour School. 

It should be pointed out that the rates of total absenteeism, although amply 
supporting the conclusions drawn, have been used simply as corroborative and not 
as basic evidence in this study. 

Professor Acheson states that I claim to see a resemblance in the form of the 
curve for absence and that for temperature drop. The fact is just the contrary. 
On page 121, last paragraph, I have stated that “neither of these curves (the curve 
of total absenteeism) shows any resemblance to the inverted temperature curve’’ 
covsee' and further that, “Detailed comparison of the weekly trends of the curves 
(of respiratory illness under the two types of ventilation and the temperature 
difference) show so many instances of directly contradictory tendencies as to sug- 
gest that, aside from their mutual relationship to the seasonal prevalence of re- 
spiratory illness, they have little in common.” 

On the other hand, the parallelism between the precipitation and absence from 
respiratory illness in the mechanically ventilated schools has been faithfully demon- 
strated both graphically in Fig. 6, and mathematically in the next to the last 
paragraph of my paper. 

I have suggested as a result of examination of the findings of this study that a 
lower rate of air change is probably desirable in the mechanical ventilation of 
schools. This conclusion can be reached from an entirely different set of facts 
and a different line of reasoning. I might add that there are two studies now in 
progress of the effects of mechanical ventilation with reduced air flow. The early 
indications from one of these studies are highly favorable. 

In reply to Professor Acheson’s concluding suggestion, it should be stated that 
the Commission has already made a signed statement with regard to this pre- 
liminary study. It appeared in School and Society on December 17, 1927. Fur- 
ther, the study is being continued during the current year in the same schools and 
in six others as well. Specially trained nurses are making the diagnosis of respira- 
tory illness unless a physician is in attendance, and there is a competent engineer 
constantly on duty to make observations of the air conditions in the classrooms. 
Although I feel that all the variables in last year’s study have been compensated or 
eliminated, the repetition of the study is desirable to make certain of these points. 

The attempt to discredit the tentative findings here reported by arguing that 
the apparent advantages of natural ventilation may result from the fact that the 
children are in school only a very small proportion of the 24 hrs., whereas, they are 
exposed to varying home conditions, etc., etc., for so much more time each day, 
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would seem to me to be a rather dangerous method of attack because it carries the 
implication that school ventilation is not very important anyway. 


Mr. West’s observation that the present report does not deal adequately with 
the atmospheric conditions in the various classrooms is a perfectly valid one. The 
need for more complete data was recognized from the start but practical difficulties 
prevented their collection during the first year of the study. At the present 
time, there is a recording wet- and dry-bulb thermometer in each school, and in 
addition to this continuous record and the temperature records kept by the teach- 
ers, the Commission’s observer is occupied in making the following measurements 
in each classroom: 

Sling Psychrometer 

Desk top temperatures at center and at corners of the seating section 
Floor temperature at center of seating section 

Volume of air supply 

Volume of air exhaust 

. Temperature of Incoming air. 

In addition to these routine observations, determinations of the carbon dioxide 
concentration and dust content of the air will be made in representative class- 
rooms and the velocities of the air currents in the occupied area of the different 
rooms will be studied by means of the Kata-thermometer. From our present 
knowledge of the subject, this should provide satisfactory data regarding the phys- 
ical conditions of the air in the classrooms. 

Reference to my discussion of Fig. 7 in the last paragraph on page 122 will show 
that I believe the only virtue this chart has is its suggestion that there is some 
other unfavorable agency (than temperature) at work in the mechanically venti- 
lated schools. 

I am somewhat amused by Mr. West’s reference to the healthfulness of the little 
red schoolhouse of our forefathers. It so happens that the Commission has engaged 
during the last year in a study similar to the one here reported, in 48 classrooms in 
1- and 2-room rural schools in one of the upstate counties. The total absenteeism 
in these rural schools was twice as high, and that due to respiratory illness was 
more than 50 per cent higher than the corresponding rates for the 3 mechanically 
ventilated schools in Syracuse. 

In replying to Professor Acheson’s observations regarding precipitation, I have 
pointed out that the relationship between precipitation and respiratory illness 
absenteeism in the mechanically ventilated schools has been demonstrated mathe- 
matically as well as graphically. Although the curves of respiratory illness absen- 
teeism are in general parallel to the curve of temperature difference (this will be 
even more apparent when the data for the autumn months are available), the 
deviations of the respiratory illness absenteeism in the mechanically ventilated 
schools from the general trend correspond with the fluctuations in precipitation. 
I regret as much as does Mr. West the absence of data on air change in the two 
types of ventilation which would support or discredit the hypothesis, I have sug- 
gested to explain the correlation between these two phenomena. I believe, how- 
ever, that all of us would be greatly surprised if tests showed that the rate of air 
change in the naturally ventilated rooms was actually higher than in the me- 
chanically ventilated rooms. 

Contrary to Mr. West’s statement, Figs. 8 to 12, inclusive, have all been based 
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on Table 12 which deals only with the two mechanically ventilated and the two 
naturally ventilated schools in which the effects of race stock, age of pupils, etc., 
etc., have been approximately balanced. If the diagnosis of respiratory illness 
was only known to be reliable and if the duration of the study was more extensive, 
the findings presented in these charts would, I feel, constitute conclusive evidence 
on these points. 

In reference to the third point Mr. West emphasizes, the use of the words “check” 
and “prove” should be carefully defined. This study has been conducted as a prob- 
lem in scientific research for the discovery of facts, not for the purposes of propa- 
ganda, which employs facts only when they support the thesis of the interested 
party. 

In so far as cooperation between the engineers and the health workers in studies 
of this kind is concerned, I shall be happy to receive frank, detailed criticism of the 
study reported at this time. And, further, I shall welcome suggestions that will 
tend to make the current studies of the Commission answer questions that the 
engineers want answered. 

H. C. Westover: I am glad to say that we do not have the real problems of 
ventilation in the Los Angeles classrooms that you have here. That is, I suppose, 
a selfish point of view. Our classroom ventilation is simply through windows 
because we do not have the extreme weather conditions at any time of the year. 

Our heating load is early in the morning, most of it before the pupils get to 
school, and if we have the classrooms warm by the time they are there, and then 
keep on a moderate amount of heat to hold that temperature, we can open all the 
windows along the entire side of the classroom anywhere from 4 in. to 1 ft. Heat 
comes only from wall type radiation installed under all windows, split up, of course 
to meet the heat loss. We control our temperature condition very well and our 
classrooms are free from what we have sometimes called the school odor. I 
have been in a good many of the schools in the Middle West and East and know 
that their problems are difficult. I really believe that with just the A.B.C. system 
of open windows and keeping on a little heat we get by in pretty good shape in 
Los Angeles. 

PRESIDENT ANDERSON: ‘The Rochester experiment has been mentioned and 
maybe Mr. Tracey will say something on the subject. 


Joun Tracey: It is not right to say that the Rochester experiment has fallen 
through. The Board of Education is willing to spend $40,000 to fit up the schools 
in the way that the advocates of the open window system of ventilation would 
like to have it and in the way that the mechanical or heating and ventilating 
engineer would like to have. So that we are neutral there. We do not know 
which way to turn and we are waiting for this committee that Mr. Kimball spoke 
about to get together and work out some plan by which we can improve on the 
systems of ventilation that are now available. 


H. M. Harr: My observation has been that in two homes in the same block, 
occupied by people in the same class, children attending the same school and 
playing together when out of school, will show much sickness from respiratory 
diseases in one house and very little in the other. This clearly shows that much 
should be considered besides environment, stock and schoolhouse ventilation 
when we are trying to find out the cause of children’s illnesses. 
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APPLICATION OF UNIT VENTILATION SYSTEMS 
FOR SCHOOLS 


By W. R. McCornacg,! CLevELAND, OxIO 


NON-MEMBER 


cynic whose task it is to strip business of its buncombe, and second, the 
scientific social interpreter whose work it is to point the way to the duty 
owed to humanity. 

Today the architects, engineers and manufacturers who are interested in prob- 
lems of heating and ventilating buildings have been subjected to the activities of 
the first type and the thought comes that the second type of criticism should come 
from within. 

A great deal is heard about the laws of the land being congested with much 
unnecessary legislation, a fact that is undoubtedly true, but on the other hand 
laws and regulations are necessary and when many of these laws and regulations 
were enacted they were sane and practical and if they are now obsolete and ridicu- 
lous it is because they have not been kept in step with the advancement of the 
inventions in industry. 

Here is a typical case: In Ohio there was a state-wide complaint about ventila- 
tion in public school buildings which became so serious as to lead many school and 
college authorities to either refuse to operate the equipment or to omit it entirely 
from the buildings. Call it disregard for the law if you will but it is becoming 
such a potent factor in so many communities that there is now under way and 
being quietly organized a powerful opposition to mechanical ventilation in schools. 
This is nation-wide and has a very determined force back of it. 

This opposition is not to be regarded lightly and it may be considered as the 
criticism of the cynic. 

The State Code of Ohio which relates to school buildings, theatres and assembly 
halls was written as a result of two disasters. First, the Collinwood school fire in 
Cleveland and second, the Iroquois theatre fire in Chicago. 

After careful study many of the architects in Ohio felt that the code was not 
only too stringent but that it had become obsolete. 

It was proposed to liberalize it. Many makers of ventilating equipment opposed 


B ose = and professional men need two kinds of. criticism, first, that of the 


1 W. R. McCornack, Architect, Cleveland, Ohio. 
Presented at the Annuat Meeting of the American Society oF HEATING AND VENTILATING 
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any change, but it is believed that it has been the most constructive bit of legisla- 
tion with respect to the construction industry ever passed in Ohio. Why should 
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a legislature attempt to fix the point of inlet for fresh air? The new types of venti- 
lation now in use due to this change are meeting with success and the public is 
thinking that perhaps there is something to the matter of mechanical ventilation 
after all. 


In the Caledonia school in East Cleveland, O., a unit system of ventilation is in 
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operation which supplies first, fresh air without drafts, second, temperature regula- 
tion which keeps the temperature at the point desired by the medical staff, third, 
there are no odors, fourth, the teaching staff is perfectly satisfied. 

Further than this the corridor venting idea has been carried out with excellent 
results. 

In Ohio the code was violated in order to try out the unit system of ventilation 
which was later adopted and now corridor venting is being tried out in violation of 
the code and many think this further change should be made in the law. 


* The wings above points A and B are for future growth. 
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For the purpose of applying the second or social scientific type of criticism to the 
problem, let us examine the heating and ventilating layout in a large high school, 
the Cleveland Heights High School, and consider it as criticism from within. 

The building has a total cubic content of 2,700,000 cu. ft. and contains 54 class- 
rooms, general offices, doctors offices, rest rooms, library, cafeteria, band room, 
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chorus room, kitchen and serving rooms, natatorium, boys’ and girls’ club rooms, 
boys’ and girls’ special exercise rooms, woodworking rooms, boys’ and girls’ gymna- 
sia with showers and locker rooms, auditorium and stage gymnasium. 

Fig. 1 shows the school, and Figs.* 2, 3, 4, 5 and 6 are the floor plans and are self- 
explanatory following the preceding paragraph. The plan, Fig. 7, shows a layout of 
the central ventilating system and Fig. 8 shows a unit ventilator in a typical room, 
Fig. 9 is a plan of the boiler room, and Figs. 10, 11 and 12 are views of the 
mechanical equipment. 

The auditorium has a seating capacity of 2000 and by using the stage an addi- 


* These plans show the building when finally complete. 
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tional 500 can be seated. The stage is large enough for a standard basketball 
court. Games can thus be played on the stage while the spectators occupy com- 
fortable seats in the auditorium. 

Several separate ventilating systems are provided for various parts of the build- 
ing. Heating is by direct radiation in classrooms and special rooms. In the 
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classrooms an interesting dual control arrangement using both unit heaters and 
radiators, maintains the healthful condition with economy, as will be explained 
later. 


Separate Ventilating Systems 


The ventilating system for the auditorium includes two 16,500 c.f.m. multiblade 
supply fans and one 20,000 c.f.m. exhaust fan. Fresh air, taken from the roof 
through a large air shaft, is carried down below the stage, where it passes through 
two supply fans (Fig. 7) with their respective units of heaters and discharges into 
air tunnels passing beneath the auditorium floor. Heated air is admitted into the 
auditorium through adjustable mushrooms beneath the seats. Exhaust air is 
taken out through the ceiling grilles worked into the beam construction and also 
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through grilles under the balcony ceiling. Grilles under the balcony ceiling have 
automatic dampers, controlled by a special thermostat that will open them if the 
air under the balcony becomes too hot. Provision has been made by automatic 
air-controlled dampers for recirculating the air in the auditorium to cut the cost 
of heating this room to a minimum when ventilation is not required. 

The boys’ and girls’ gymnasia are supplied with fresh air by separate fans 
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each having a capacity of 9000 c.f.m., taking fresh air from the roof and discharg- 
ing it downward into the gymnasia and their separate locker rooms. The 
exhaust from these rooms is carried up to two exhaust fans on roof, each having a 
capacity of 6500 c.f.m. 

Classrooms, library, cafeteria, natatorium, band room and chorus room are 
supplied with fresh air from unit heaters in each room, and the vents from these 
rooms are carried up to trunk duct systems, above the third floor ceiling, from 
which two exhaust fans pull. Each exhaust fan has a capacity of 24,000 c.f.m., 
there are 12 heaters of 1200 c.f.m., 43 of 900 c.f.m. capacity and 8 of 500 c.f.m. 
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THERMOSTATIC CONTROL 
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capacity. Each heater is provided with mixing dampers, shutoff dampers and 
recirculating dampers. 


Unit Heaters and Radiators under Control of Two Thermostats 


These unit heaters in each room together with the radiators are under the con- 
trol of two thermostats, one controlling the mixing dampers on the heater cabinets 
and the other controlling the steam valve on the radiator. In the smaller rooms 
one heater is installed without a radiator adjacent to it. In some of the larger 





Fic. 10. StToKeRs AND Bom.ERS 


rooms, such as the combination cafeteria and study hall shown in Fig. 8, there are 
several heaters and several radiators. Their operation is as follows: 

The thermostat controlling the mixing dampers of the heater is set up to keep 
the room temperature within one degree of the 70 deg. limit of the thermostat. 
If a sudden change occurs in the outside temperature (as it frequently does in the 
lake cities) causing the temperature to drop to 68 deg. or lower, the second ther- 
mostat begins to supply steam to the radiator to keep the temperature up to 70 
deg. The latter thermostat is intermediate in its action, opening the radiator 
valve gradually and thus avoiding overheating the room. 

As a further control on the unit heater, if the temperature should drop to 60 
deg. for any reason—such as insufficient steam—the fresh air damper will auto- 
matically close and the recirculating dampers will open. Thus the room air will 
be recirculated to bring up the temperature quickly to 65 deg., and then the action 
of the dampers is reversed. This scheme also reduces fuel consumption when 
heating up the cold building in the morning. 
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There are two toilet exhaust fans each of 1800 c.f.m. capacity, pulling from boys’ 
and girls’ toilet room sections of the building. The woodworking room is provided 
with an exhaust blower of 4300 c.f.m. piped to the various machines and discharg- 
ing shaving and saw-dust to a collector in the boiler room. Kitchen and serving 
room quarters are provided with a 5000 c.f.m. exhaust fan with special hoods over 
ranges, counter tables and dishwashing machine. 


Well Equipped Boiler Plant Supplies Steam 


For supplying steam to the heating and ventilating system, a well equipped 
boiler plant is instailed, Fig. 10. All electric power is purchased. 
The total combined equivalent load in direct radiation is equal to 95,165 sq. ft. 


Fic. 11, Apparatus Room 


divided as follows: direct column radiators, 21,565 sq. ft., unit heaters 22,980 
sq. ft., heating coil for auditorium and two gymnasium supplies 28,120 sq. ft., 
one 3000 gallon domestic water heater, 10,500 sq. ft., one 6000 gallon swimming 
pool heater, 12,000 sq. ft. 

Steam for these is generated at 60-lb. pressure in two 240 hp. vertical bent tube 
boilers, fired by natural draft stokers with extended settings. Space is provided 
for a third boiler in the future. Draft control automatically adjusts the speed of 
the stoker engine to give proper combustion and feed water regulators control 
boiler water level. Each boiler is equipped with soot blowers, blow-off valves, 
non-return valves and gate and globe valves. 

Figs. 10, 11 and 12 are photographs in the boiler room and apparatus room, 
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respectively. Coal is delivered to the bunker over the extended fronts of the 
stokers by a coal hoist and electric monorail system. Ash is removed to grade 
by a sidewalk-type elevator. 

High pressure steam is used for kitchen equipment, bathing suit dryers and 
sterilizers and hot water generators. Steam for the general heating system is 
reduced from 60 lb. to 5 lb. through reducing valves into a 16-in. low pressure 
header, from which separate valved lines are carried to classroom sections, general 
offices, auditorium, gymnasia and swimming pool section. 

The return system is of the vacuum type with thermostatic traps in all radiators, 


Fic, 12. Stream ConTROL 


unit heaters and drips and heavy duty blast traps on all stacks. Returns are 
brought back to a return header in the pump room, to which are connected two 
10 x 12 x 12 in. vacuum pumps, arranged so that either or both can be used. 
Each pump is controlled by vacuum regulators. The vacuum pump discharges 
to a storage receiver with auxiliary cold water feed for makeup water. 

The 10 x 7 x 12 in. duplex boiler feed pumps take the water from the storage 
receiver and discharge it to the boilers through a feed water filter. Each boiler 
has an auxiliary water feeding system through a water injector. 

The dual system of heat control was installed with four separate divisions from 
a central distributing panel, one system to the school classroom section, one sys- 
tem to the auditorium, one system to boys’ and girls’ gymnasia section and one 
system to the swimming pool section. The dual control system permits rooms 
that are not being used to be kept at a lower temperature than those in use, thus 
saving fuel. 
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Central vacuum cleaning equipment system consists of two four sweeper ma- 
chines arranged so that whenever one machine cannot carry the load, the second 
will start automatically and run as long as required. 

The heater for domestic use, showers, kitchen and lavatories is of the muiti- 
coil storage type, capacity 3000 g.p.h. and storage 1000 g.p.h. The 6000 g.p.h. 
heater for the swimming poo! is of the instantaneous type. 

The swimming pool has a capacity of 60,000 gallons. All water used for swim- 
ming pool is first passed through a 6000 g.p.h. water softener and then through an 
8000 gallon filter. Water from the pool is recirculated by a double suction 125 
g.p.m. centrifugal pump. The water is sterilized by a chlorinator. Bypass piping 
is arranged so that all water for the domestic hot water system of the building can 
be put through the water softeners if desired. 

It is interesting to note the result of placing the swimming pool directly over 
the boiler room. The heat from the boiler room keeps the water in the pool at 
the required temperature practically all of the time at a considerable saving of fuel. 

This general discussion will serve to introduce the subject of results obtained 
from the installation of a mechanical system of ventilation in a large high school. 
The scientific and mechanical phases of the question do not interest the owner as 
his interest is centered in securing satisfactory results both from the standpoint 
of healthful and comfortable room conditions and economy of operation, and upon 
these facts, the building public is basing its judgment of mechanical ventilation. 
The many instances of failure of ventilating systems to function has set up the 
counter movement against the expenditure of money for ventilating equipment. 

To be quite honest in the matter it must be admitted that while the general 
results obtained in heating and ventilating this building are probably an average 
result or, better, they were not as satisfactory as they should have been in the face 
of the general feeling against ventilation, and before the architects and engineers 
became fully aware of the situation the building had become a battle ground in 
which those who had installed equipment and those whose equipment is manu- 
factured to do a similar work were met in a commercial and not a scientific con- 
flict. This is the easiest way to create suspicion on the part of the owner toward 
all apparatus connected with ventilation. 

It is not a question of the merit of one fan over another, one unit over another, 
one temperature control over another, one type of trap over another, but it is the 
bigger question of determining that the basic principles are right, that the design 
in all its details has been laid out in accordance with common sense and good prac- 
tice and that the operating engineers had been thoroughly instructed how to oper- 
ate the plants in order to secure the results desired, for mechanical ventilation has 
its value only when it does the work required of it in a satisfactory manner. Venti- 
lation can be legislated into a building but it cannot be made permanent unless the 
architects, consulting engineers, medical people, school people and manufacturers 
first determine the room conditions desirable to obtain and then set about to 
design a system which is simple and practical in its operating elements. 

It will have been seen by the drawings that this high school is a very large one 
and with the installation of the unit system of ventilation in all the classrooms and 
laboratories that there might be some elements in the design that could be readily 
overlooked. 
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Engineers are all familiar with the condition often written into a specification 
that the heating contractor shall guarantee certain results from the plant when 
this contractor has no control over what the plant will do providing he follows 
drawings and specifications, as he is only the agent to carry out the engineers’ ideas. 
The responsibility does not cease until the engineers have prepared a complete 
set of operating instructions which shall tell the operating force in the building 
how to obtain the best results from the plant which is installed. 

In the case of this building the chief difficulty was overheating. A careful in- 
vestigation of the building showed us, first, that there was a great amount of un- 
controlled heat due to the large uncovered risers. This appears to be a condition 
relating to the size of the building since two other buildings with similarly designed 
plants but much smaller were not affected in this manner. This trouble occurred 
largely in the first floor rooms and covering the risers in one of these rooms brought 
down the control of the temperature in that room to a reasonable point. Search- 
ing further it was found that the control valve at the header would not operate to 
reduce the pressure sufficiently low to take care of reducing the heat circulating 
in the supply lines during mild weather. With this change made it will be un- 
necessary to cover the risers in the building because the reducers at the headers 
will eliminate the superheated steam in the mains which had been causing the 
trouble. 

It is a well-laid-out heating and ventilating plant but is an example of the lack 
of cooperation which often produces conditions of this sort in buildings containing 
mechanical ventilation. 

It is my belief that mechanical ventilation can be made to function perfectly 
- at a reasonable cost to the owner. But this cannot be done unless there is better 
cooperation on the part of the architects, engineers, manufacturers and operators 
of these plants and not even then will the proper results be obtained until the 
health authorities come to a decision as to what conditions are necessary in a room 
to produce the maximum health and comfort. 

This paper is not a scientific treatise but touches only in a superficial way that 
side of the question. It is a plea, however, for the cooperation of all organizations 
interested in proper air conditions in buildings to bring about proper results through 
an unbiased and fair-minded controversy. There is no merit in an architect or 
an engineer maintaining that a ventilating plant is perfect when it is not. There 
is no merit in one manufacturer attempting to prove that his apparatus will func- 
tion where another has failed if the basic principles of the plants are defective. 
This working at cross purposes tends to create uncertainty in the minds of the 
building public and suspicion is directed to all who are interested in the design, 
manufacture and installation of heating and ventilating equipment. 

A great deal is heard about legislative action, but personally I am in favor of 
passing no new legislation nor in altering the present until the matters in question 
have been settled on a scientific basis. I believe that a campaign of education 
instead of a campaign for selling will be the most effective way to preserve that 
which is good in this work in which we are all interested. 

Here is an example which is not offered to prove that one system is better than 
another but to show the difference between two buildings, one designed primarily 
for the unit system and the other for the central fan. They are cold figures and 
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in the case of the central fan building it is undoubtedly true that some of the waste 
area is due to poor engineering and careless planning. 


Hic ScHoor A Hicx Scuoor B 
Educational 107,595 sq. ft. 59.68% 100,912 sq. ft. 49.37% 
Corridors 32,037 sq. ft. 17.76% 42,284 ~ 
Administration 18,246 sq. ft. 10.12% 26,003 sq 
Walls, duct, etc. 22,430 sq. ft. 12.44% 35,219 sq. ms: B7. 122% 


Gross area 180,308 sq. ft. 100.00% 204,418 sq. ft. 100.00% 








Sub-division of Educational Areas 


47,048 sq. ft. 26.10% 43.73% 62,745 sq. ft. 
Physical education 33,016 aa ft. 18. 0% "69% 13,230 sq. ft. 
Auditorium 15,834 sq. ft. 8.78% 14.72% 14,757 sq. Ay 

ft. 


ene lockers, 

30. b SNe 
6. 13.11% 
7.22% 14.62% 
5. 10.19% 

49. 


fa 100.00% 


Cafeteria 11,697 sq. ft. 6.49% 10.86% 10,185 sq. 
Total 107,595 sq. ft. 59.68% 100.00% 100,917 sq. 





Sub-division of Administration Areas 
Custodial 8,916 sq. ft. 48.87% 18,840 sq. ft. 72.45% 
Educational 3,557 sq. ft. 19.49% 3,643 sq.ft. 14.01% 
Toilets 5,778 sq, ft. 31.64% 3,520 sq. ft. 13.54% 


Totals 18,246 sq. ft. 100.00% 26,003 sq. ft. 100.00% 








Fan rooms 3500 sq. ft. 9500 sq. ft. 
Cube 2,700,000 cu. ft. 3,450,000 cu. ft. 


This shows the great amount of space used by ducts and walls and in fan rooms. 
As a concrete example this proves that of these two buildings the unit system is 
much more economical but it does not prove that a central fan system could not 
be laid out much more economically than this one was. 

Superficiality is a curse and it is the combined efforts of all seeking for facts and 
facts alone that will bring order out of the present ventilation chaos. 

“We require from buildings, as from men, two kinds of goodness: first, the 
doing their practical duty well; then that they be graceful and pleasing in doing it; 
which last is itself another form of duty.”—Ruskin. 


DISCUSSION 


A. W. Luck (Reapine): This is the first time that I have made an attempt to 
address an audience of this nature, although I have attended a good many of these 
conventions. We have discussed the location of radiators, describing radiators 
in their several different phases, but I have had considerable experience in placing 
radiation at ceiling and also under the windows. Sometimes a suggestion may 
come from an unexpected source. In schoolroom ventilation with the open-window 
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method my suggestion would be to distribute your radiation about 60 per cent 
under the window and 40 per cent at the ceiling. Admit your fresh air at the top 
of sash rather than at the bottom. The ventilation will be taken care of as is 
customary through vent flues with opening at floor. The temperature control 
you can take care of through the lower unit, leaving the radiation or the surface 
at the ceiling to take care of the temperature under conditions of mild weather. 
At the same time we admit the necessary amount of fresh air. With such a dis- 
tribution of heat on the exposed sides of the room it is possible to pull down the 
upper sash, ventilate the room without feeling a particle of draft at the floor. 
I have also experimented and found it to be a fact in an experimental room that 
if you take three radiators, one at the floor, another one about half-way up to the 
ceiling and one at the ceiling, preferably laid horizontally, you will find that your 
floor will be just as efficiently heated with the upper radiator in service. It will 
take less surface actually to produce the same result and it is entirely out of the 
way. There are cases where floor space is a valuable asset and by taking the radia- 
tion off the floor and placing it out of the way, you can secure your results. 


I mention one specific case. I have a building 45 feet high with monitor roof 
where ali of the heating is done from overhead. I have other cases of roundhouses, 
machine shops, foundries, etc., some with a bad roof condition and yet the workmen 
are very. comfortable with the overhead method. 


I present these facts that they may bring out a new line of thought and a way 
whereby we may test direct radiation and give the results to the Society. It is 


only by bringing our own actual experiences before a body of this kind that we can 
hope to get anywhere. It is results that count. 


E. B. LancenserG: In the work of the Citizens Smoke Abatement League 
in St. Louis we have done something that possibly has never been done in any 
other city. We started in with about five or six sub-committees. One is an 
educational committee. We established a course of heating and ventilating in 
the schools from the high school up, that is commencing to show results. We also 
established a course of instruction for janitors and the surprising result is this: 
In the opinion of 17 engineers the average janitor and the average householder is 
not developing over 42 per cent efficiency out of the plant he is firing. Since we 
have started this school and have this technical committee from the local chapter 
and among the consulting engineers of St. Louis we are getting that efficiency up 
a great deal higher. In some cases it is going up to as high as 60 and 65 per cent, 
which is very high considering that we have to burn soft coal to a great extent in 
the City of St. Louis. 


Those results give me an idea and that is if the local chapters all over the United 
States would establish schools of instruction for the men that are going to use 
some particular apparatus they would be a lot better off than where they put the 
apparatus in and turn it over to some politician to run. If you have one man on 
the Board of Education that gets back of these men and tells them what they have 
got to do and how they have got to do it, it can be done. It is simply a matter 
of organization—ten or twelve men on a Board to get behind the one man and see 
that the orders are obeyed. Mr. Hallett is doing a wonderful work in St. Louis. 
Our health records show an improvement over the previous condition where we 
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had open-window ventilation, but a lot of people will say, “Those figures are 
distorted.” The fact is that the Health Commissioner’s report, which is entirely 
a separate organization, certified to these figures and they certainly mean something. 





No. 793 
AIRATION OF INDUSTRIAL BUILDINGS 


By W. C. Ranpaut,! Dertrorr, Mics. 
MEMBER 


HE wind, is the chief motive force utilized in the airation of a building by 

natural means. It forces air in by way of certain openings, through the build- 

ing, and out by, other openings. If the building is one in which heat is pro- 
duced, and in practically all buildings this is so, the warmer air inside has a tendency 
to rise, due to its buoyancy, and this also assists in the airation. These two forces 
may aid or oppose each other, and it is essential that they be coordinated and con- 
trolled, and the air changed in the zone of occupation if a building is to be success- 
fully airated. ; 

It is astounding the great volumes of air that can be moved into and out of a 
building by the forces of nature. By great volumes, is meant just exactly that, 
for on field surveys of at least three industrial buildings air flows of more than 
3,000,000 cu. ft. of air per minute were measured. However, it is not great volumes 
that are of such a momentous import as the correct volume, adequately vontrolled. 

Contrary to the popular phrase variable as:the wind, the wind is reasonably 
consistent in its direction and velocity. Weather reports show that for each locality 
in the United States there is a prevailing wind, the direction of which holds con- 
stant for many months at a stretch, and for the same group of months year after 
year, and that the average velocity varies within comparatively small limits 
throughout the year. 

The tendency of warm air to rise and be replaced by cooler air, or the reverse 
of this, if one is to be strictly accurate, the tendency of cold air to fall and force 
up the warm lighter air, follows natural laws that have been known for some time. 
It would seem, then, that the problem has resolved itself into one of little better 
understanding of the behavior of the wind, acting alone or combined with the flow 
created by temperature difference, since most of the idiosyncrasies of natural venti- 
lation occur when the flow due to the motive force of the wind is opposing the flow 
induced by temperature difference. As a matter of fact, some of the peculiar things 
that happen in mechanical ventilation and heating can be traced to the fact that 
the wind is cooperating with or opposing the action of the mechanical system. 

Since windows are generally used to incorporate airation into the building design, 


1 Chief Engineer—Detroit Steel Products Co. 
Presented at the Annual Meeting of the American Socrety oF H&ATING AND VENTILATING EN- 
GINEERS, New York, N. Y., January, 1928. 
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it is only logical to say that the company with which the writer is connected should 
be called upon by the architect and engineer to cooperate in the solution of the 
problems involved. This problem of airation was turned over to the Department 
of Engineering Research at the University of Michigan with Professor Emswiler 
in charge. Incidentally the problem of daylighting was similarly handled under 
the guidance of Professor Higbie. The result is that the company’s engineers 
are now able to pre-determine the flow of air into and out of a building, by the 
natural forces, wind and temperature difference, witha reasonable degree of accuracy. 
TaBLE 1. AVERAGE VELOCITIES AND DIRECTIONS OF THE PREVAILING WINDS FOR 
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In this paper the presentation will be confined to those things which affect the 
movement of air and any reference to the movement, except that of common air 
from the outdoors, through the buildings and out again by natural agencies will 
be carefully avoided. While airation is synonymous with ventilation in a wide 
range of conditions, manifestly it is not a cure-all, and mechanical methods of venti- 
lation must be resorted to, since in a great many cases it is the only practical answer. 
No effort will be attempted to visualize the benefits of ventilation; or otherwise 
trample on the just field of the physicians, the psychologists, and the engineers 
who have worked and are still doing research work on the effect of such things as 
temperature, humidity, air motion, etc., on a man’s productive capacity. A great 
deal has been said in prose and poetry about the gentle zephyrs of springtime and 
perhaps poetry may still be written about the soft breezes in, through and 
out of an industrial building, but that will be left to the poet. The author will 
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adhere strictly to an engineering analysis with the assumption that a better knowl- 
edge of airation is desirable, whether the building is to be ventilated by,mechani- 
cal means, by natural means, or the combination of the two. 


The results of the research fall into two general groups. 


1 A basis for predetermining the flow of air due to: 
a The wind 
b Temperature difference 
c Combination of temperature difference and the wind 
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2 Information on those factors which influence the flow of air such as: 
a The size of the inflow and outflow openings 
6 Type of windows 
c Angle of opening of pivoted windows 
d Slope of roof 


Flow Due to the Wind 


As previously stated, the wind is not only a powerful motive force but also quite 
a consistent one. From the Weather Bureau reports covering the average velocity 
and direction of the prevailing winds were obtained for every month at various 
typical localities in the United States. A survey of these data quickly showed 
the general uniformity in the direction of the prevailing wind and the small range 
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of the average velocities for each locality, as is shown in Table 1, covering a small 
part of the data received from the Weather Bureau. As a matter of fact, absolute 
consistency may not be as desirable as reasonable variation in the velocity. 
Industrial buildings in which the manufacturing process produces little heat, 
must depend entirely on the wind for natural airation. The airation is usually 











c PLAWN 























Oe —_s 
ons ) EE 

ae ee ee 

———= a ens ee 











Fic. 2. Tue Jump of WIND From WINDWARD FACE oF 
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accomplished by the air blowing through the building, coming in and going out 
through the open windows and doors in the sidewalls; in through openings in the 
sidewalls and out through openings in the roof; and in some cases in through the 
roof openings and out through other openings in the roof and the sidewalls. 

The wind forces air into the building usually through the openings on the wind- 
ward side. This pressure so developed usually pushes the air out by way of open- 
ings on the leeward side, or even through openings on the windward side of less 
pressure. 
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The velocity of the air through the window openings, due to the pressure effect 
of the wind, depends upon and varies, for all practical purposes, directly with the 
speed of the wind. In all cases the velocity through a window opening will be less 
than the speed of the wind, and under few conditions will it be less than half the 
speed of the wind, that is, if there are adequate openings for outflow. 

The volume of air flow depends on the velocity of the wind, its direction with 
relation to the face of the openings, the number and size of the openings, and the 
resistance to flow built up by obstructions in the openings. The greatest flow will 
usually be secured when the building is so oriented that the prevailing wind blows 
directly against the wall having the greatest opening areas. 

The pressure built up and consequent inflow varies closely with the sine of the 
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angle between the wind direction and the building face, particularly between 20 
deg. and 90 deg. or perpendicular to the building, as is shown on Fig. 1. 

The wind pulls air out of a building, through the openings in the leeward side 
and through those openings near the windward face where there is a condition of 
vacuum caused by the wind hitting the windward face and jumping out around 
the adjacent sides or up over the roof at that point. This jump of the wind and 
suction area thereby developed is illustrated in Fig. 2. Within the regions enclosed 
by these stream line arcs, there exists a strong suction near the windward face, 
gradually diminishing to zero at a point somewhere near the reconvergence of the 
lines of parallel flow. This suction effect is illustrated in everyday life when the 
driver smokes in a closed automobile. When the glass in the door at his left is 
dropped the smoke is pulled out through the opening near the inside face of the 
closed windshield. 

The jump of the wind from the face of a building is necessary for the production 
of a vacuum or suction. This jump or splash, or hop or whatever it is termed, 
and subsequent re-establishment of parallel flow further down-stream completely 
accounted for some hitherto unexplained actions of the wind, and forced revision 
of many earlier erroneous assumptions regarding wind action. It had been thought 
that a strictly parallel flow of air along the face of a building containing openings 
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would induce flow by means of the drag or engagement of particles of air from within 
by the swift moving particles without. Possibly some such action does take place, 
but if so, it is a minor and negligible factor in comparison to the effect of the jump. 
This indicates that there is a distinct disadvantage in running a monitor parallel 
to the prevailing wind, since parallel flow of the wind does not create suction and 
only in the windward end of the monitor under the jump of the wind are suction 
openings. On the other hand, there is an advantage in running a monitor perpen- 
dicular to the prevailing wind so that there will be suction openings in the lee side. 

The suction created by the jump of the wind is more responsible than any other 
factor for some buildings airating and others more or less identical in design and 
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Fic. 4. Curves SHOWING COEFFICIENTS OF RESISTANCE 
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fenestration not airating. In other words, buildings will airate if designed and 
correctly oriented to take advantage of the prevailing winds to create suction 
where needed. In the design and orientation of a building, if it is to have efficient 
airation the plan must be directly counter to the aims of the ship-builder, to whom 
perfection of design lies in the creation of stream-line parallel flows along the ship’s 
side to reduce to a minimum the suction and consequent drag at the stern. What 
must be achieved, if the wind is to be used as a ventilating agency in buildings, 
is absence of the natural effect of stream-line flow, and the presence of a distinct, 
powerful suction area and carefully planned control of the openings in this area. 


The length of the jump or hop of the wind, and consequent suction area, is de- 
termined by the height, width and area of the windward face of the building. This 
applies for all combinations of width and height up to the point where the width 
is greater than about nine times the height, beyond which the width loses its in- 
fluence and the height seems to be the predominant factor. These general con- 
ditions also prevail in the case of a monitor or other obstruction on the roof which 
would develop a secondary jump. The nearest thing to a general statement that 
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could be made is that the length of the jump is a function of the square root of the 
area of the windward face. 


The length of the jump does not depend upon the velocity of the wind. In 
other words, the suction area is independent of the variable velocities of the wind. 
This simplifies the problem of placing heat producing processes so that the smoke, 
gases, etc., will be removed by the suction effect of the wind, since this area is de- 
termined only by the general dimensions of the elevations of the building, particu- 
larly that elevation facing the direction of the prevailing wind. 


The intensity of the suction, or the vacuum produced in the jump of the wind 
varies with the square of the speed of the wind. The intensity is greatest just 
back of the building face which produces the jump, and gradually reduces to zero 
as the lines of parallel flow are re-established. Incidentally the velocity of the flow 
varies with the square root of the intensity of the vacuum, and is, therefore, directly 
proportional to the speed of the wind. 


The height of the jump and consequently the height of suction area is a rather 
complicated function, chiefly of the speed of the wind. It is affected by the dimen- 
sions of the building somewhat the same but to a lesser degree than is the length 
of the jump. While up to the present time this function has not been expressed 
satisfactorily in a formula, still a great deal has been learned about the action of 
the windward windows of a monitor. If the sidewalls of the building were high, 
and the monitor low, it is quite possible that the windows in the windward side 
of the monitor would be outflow openings because the wind of normal velocity 
would jump clear of the monitors and the entire monitor would be in a suction area. 
As the proportion changed, that is, the height of the monitor increased and the 
height of the sidewall decreased, perhaps the upper openings in the monitor would 
be inflow openings and the lower openings outflow. However, the average con- 
dition would usually make the openings on the windward side of the monitor in- 
flow openings. 

The velocity of the flow of air through openings in the leeward side of a building 
varies with the speed of the wind, and is in general approximately 75 per cent of 
the velocity due to the pressure effect of the wind of the same speed. 

In Fig. 3 the curves indicate the effect of opening the windward windows of a 
monitor. The top-hung, open-out windows in the leeward side were left open 
30 deg. during the test. As the windward windows were opened, the inflow through 
the lower sidewall openings decreased, so that at about a 20 deg. opening of wind- 
ward monitor openings there was no inflow through the lower sidewall openings. 
After opening the windward monitor openings more than 20 deg. the side-wall 
openings were outflow openings, indicating a cross flow across the monitor, inde- 
pendent of its shape, that clogged up the leeward monitor openings and made them 
ineffective for pulling air from the zone of occupation, thus jeopardizing the air- 
ation. 

Almost everyone is familiar with the convection currents induced by the rise 
of warm and the fall of cold air. The potentiality of this temperature difference 
for creating an air current is called the motive head—comparable with a head of 
steam or a head of water. 


The motive head, due to temperature difference, producing flow, is directly pro- 
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portional to both the difference in temperature and the vertical distance between 
inlet and outlet openings, and depends practically upon nothing else. The head, 
in feet of air, is determined by multiplying the vertical distance between upper 
and lower openings in feet by the difference in temperature between inside and 
outside air, and dividing by the average absolute temperature. 

The velocity of flow due to temperature difference varies with the square root 
of the head, while the volume of air passing through an opening varies directly 
with the velocity, directly with the area of the opening and directly with the con- 
stant or coefficient that depends on the character of the opening. By experimen- 
tation coefficients for a great many types of windows and different degrees of open- 
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Fic. 5, Curves InLustraTiInc Flow or AIR THROUGH 
Various Types oF PirvoTeD WINDOW OPENINGS 


ings of such windows have been determined, and a great many of them have 
been checked in field surveys. For instance, the constant is very nearly 0.60 for a 
horizontally pivoted window open 90 deg. 

The curves in Fig. 4 show the coefficients of resistance of various degrees of open- 
ings for three types of pivoted steel windows, plotted to show their relationship 
with the sine function curve. For all practical purposes it can be said that the 
coefficients of resistance vary with the sine of the angle of the openings. 

In order that there may be a flow of air due to temperature difference only there 
must be a difference in height between inlet and outlet openings, and our tests con- 
firm this. While this fact is manifestly true many building designs are found 
that depend for ventilation on getting air in at certain openings, and out at other 
openings at just about the same level. 

To compute the flow due to temperature difference, when inflow and outflow 
openings are of unequal area or resistance, there has been developed the important 
conception of the neutral zone. If air will flow in at certain openings because 
atmospheric pressure is greater on the outside, and out at certain other openings 
because atmospheric pressure is less, there is a point of equal atmospheric pressure 
somewhere between where the air will neither flow in nor out of an opening so 
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located. This explains why high outflow openings and low inflow openings are more 
effective than openings situated near mid height. The location of the neutral 
zone varies with the size and resistance of the inflow and outflow openings and its 
location is found in somewhat the way as the center of gravity of a section is ob- 
tained. Likewise the position of the neutral zone is used in computing flow in 
about the same way as we use the location of the center of gravity of a section in 
computing its moment of inertia. This is covered by Prof. J. E. Emswiler in a 
paper The Neutral Zone in Ventilation published in the January, 1926 issue of the 
JOURNAL OF THE A.S.H.&V.E., and is also quite adequately covered in Bulletin 
No. 3 issued by the Department of Engineering Research of the University of 
Michigan with Emswiler and Randall, the authors. 


Temperature Difference and the Wind 


To compute the motive head causing air flow in and out of a building due to the 
combined motive forces of the wind and the temperature difference it is necessary 
to combine the heads due to: 

1. The pressure effect of the wind 


2. ‘The suction or pulling effect of the wind 
3. The head due to temperature difference. 


Computing the resultant flow would be simplified if a summation of the flows, 
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Fic. 6. Curves INpICATING FLOW FOR DIFFERENT 


DEGREES OF OPENINGS OF DIFFERENT TYPES OF 
PivoTED WINDOWS 


due to each of the above forces, could be made, but this cannot be done since 
heads must be added and not flows. Assuming that the temperature difference 
alone is causing flow and then the effect of the wind is superimposed upon it, the 
increased flow immediately causes a drop in inside temperature, thus decreasing 
the flow due to temperature difference. On the average the flow due to wind and 
temperature difference acting together is about 70 per cent of the addition of the 
flows of these forces acting alone. 

In the summer time advantage can usually be taken of the motive force of the 
wind and large volumes of air can be brought in to reduce the temperature dif- 
ference, but the effective head due to temperature difference becomes materially 
less. In the winter the story is different, and in general the head created by tem- 
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perature difference would be the chief motive force, since the inside air of an in- 
dustrial building is considerably warmer than the outside air. This condition 
gives a head sufficient for all except the most extraordinary cases. Under winter 
conditions the pressure effect of the wind forcing air into a building would usually 
create too great a cooling effect and perhaps cause objectionable drafts. 
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Fic. 7. CoMPARISON OF FLOW THROUGH EQUAL AREAS 
oF WINDOWS IN A GABLE Roor AND INVERTED Roor 
MONITOR 


The greatest flow in the summer time will probably occur when all windows 
are open. The most effective flow, that is, through the breathing zone, will usually 
occur when all except the high window openings on the windward side are open. 
In the winter time, the best airating conditions will occur when only the low open- 
ings on the windward or leeward side and the high openings in the leeward side are 
opened. If opening the low sidewall windows should cause objectionable drafts 
or excessive cooling, then higher sidewall openings should be used for inflow open- 
ings. This will diminish the too great cooling effect that might occur with low 
incoming air, at the same time the decreased height between inlet and outlet open- 
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ings will not decrease the head to such an extent that the air flow will not be suffi- 
cient. 


Factors Which Control the Flow of Air 


Since windows are the medium usually used for airation or natural ventilation, 
it is quite natural that research should cover the influence of the different types 


TaBLeE 2. ‘Test ResuLTS INDICATING THAT 
Fiow or Ar Duk To TEMPERATURE 
DirFeRENcCE Is Not AFFECTED BY 
Form oF Monitor Roor 
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of windows on the flow of air. From many tests and surveys two general conclu- 
sions have been determined: 


First: The flow of air through a window opening does not depend on the type 
of window used. There is little to choose, for the same degree of opening, between 
a window with a movable portion that is top-hung, center pivoted, bottom-hung, etc., 
and no type has any mysterious and predominant advantage over any other, and this 
is shown by the curves of Fig. 5. These curves are taken from the tests of the flow 
due to temperature difference. The findings would not check the statement seen by 
the author with reference to top-hung continuous sash, that it “facilitates the removal 
of heated air instead of impeding it as is done by pivoted sash in roof openings.” 

Second: The flow of air through a window opening varies with the area of the 
opening. For a pivoted window opening the flow varies with the angle of the opening, 
or, rather, the sine of that angle, to be strictly accurate. In other words, the first 
15 deg. of opening gives 25 per cent of the total flow, the second 15 deg. 22 per cent, the 
third 15 deg. 19 per cent, the fourth 15 deg. 16 per cent, the fifth 15 deg. 12 per cent, 
and the last 15 deg. 6 percent. This is illustrated by the curves of Fig.6. This shatters 
one of the pet ideas formerly expounded by the company with which the author is 
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associated that the vertical height of the opening of a pivoted window was the measure 
of the flow. There is just this that should be recognized with pivoted windows; the 
operating devices usually limit the opening of top-hung windows to about 45 deg., 
whereas center pivoted windows can normally be opened all the way up to 90 deg. 


The size of the inlet and outlet openings should be about equal for the greatest 
flow per unit area of combined inlet and outlet area. There is an increased flow 
up to the point of outlet area being twice the inlet area and vice versa. Beyond that 
proportion there is correspondingly little to be gained and preponderance of size 
of outlet over inlet (or the reverse) is of relatively small value. Some of the most 








Fic. 8. DEsIGN oF AN INDUSTRIAL BUILDING wITH EgualL WINDOW-OPENING 
S, PARALLEL AND PERPENDICULAR TO LONGITUDINAL AXIS 


inefficient uses of opening areas have been found where this simple fundamental 
has been violated. 

The shape of the roof, particularly that of the monitor roof, has little influence 
on the flow of air. There are such statements as “the roof slopes are designed to 
lead the air naturally to and through the outlets,” but it has not been found that 
the air is soled. This is shown by Table 2 which covers tests of flow due to tem- 
perature difference during which were used roofs of various types, ranging from 
high gable to deep inverted. The author has read more than once that “the 
butterfly roof creates a vacuum.” That may be true but the vacuum thus created 
is no more effective than that created by any other monitor roof of the same di- 
mensions, the wind conditions remaining constant. In other words, certain forms 
of roofs that are put forth as cure-alls really depend on the size, orientation, height 
above the floor, etc., rather than on roof design itself and the form of the roof, as 
stated before, has little or no significance. This is shown by the curves, Fig. 7, 
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comparing the flow through equal areas of windows in a gable roof and inverted 
roof monitor. The flow is affected by the opening of the window and the direction 
of the wind, but the flow does not seem to be affected by the form of the roof. The 
curves are the results of tests on bottom-hung open-out windows. 
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The surveys taken indicate that louvers, roof ventilators, etc., have for their 
motive heads the same ventilating forces as do windows. In adjacent locations 
and under similar conditions, the velocity of air through a roof ventilator was 
about the same as that through a window opening, as is shown in Table 3. Ap- 
parently the fundamental requirement is a weather-protected opening, so designed, 
placed and controlled that the action of the wind is correctly used. Incidentally, 
it was found that a great many roof ventilators did not function because the damper 
was closed. Roof ventilators designed to revolve, that did not revolve, were often 
inflow openings The evidence would indicate that the efficiency of roof ventila- 
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tors dropped in proportion as they were dolled up with gew-gaws and fol-de-rol. 
Apparently the superiority complex of some manufacturers is not justified and the 
mystic haze about some devices seems, on investigation, to disappear. 

General Principles for Airation 

If a building is to be airated by natural means there must be openings and control, 
but buildings vary greatly in their adaptability to good design along these lines. 
The number, size, location and character of the openings is more or less individual 
with each building. The location of the openings and the control thereof is prob- 
ably the paramount issue and usually receives less attention than the number, 
size and character, probably because of lack of authentic information along this 
line. Total inflow and outflow are not an index of good airation, and it was appar- 
ent in these surveys that often a large proportion of the moving air was short cir- 
cuited across or along a monitor and contributed little or nothing to the effective 
airation and in some cases even jeopardized the airation. 

This was illustrated in a certain brass foundry in which there was a malady, 
the so-called brass shakes, sometimes associated with inadequate ventilation in 
this type of industrial building. The poor ventilation, on investigation, was quickly 
attributed to the opposition of the motive force of the wind to the head produced 
by temperature difference. The building was oriented parallel to the prevailing 
wind with the furnaces and pouring floor at the leeward end. The jump of the 
wind created a vacuum and was strong enough to pull the smoke and gases length- 
wise of the building and out at the monitor windows in the suction area at the wind- 
ward end. Closing the monitor windows in the windward end, opening some low 
sidewall windows and the high monitor windows in the leeward end took the force 
of the wind out of the picture and allowed the head due to temperature difference 
to do the work. Successful ventilation resulted, and the shakes disappeared. 


On the new foundry for the same company with the conditions about the same, 
it was found impractical to bring the heat-producing processes down to the wind- 
ward end, so it was decided to increase the height of the roof above the heat proc- 
esses, thereby getting a greater head due to temperature difference by the greater 
height between inlet and outlet openings and bringing the wind into action by the 
vacuum created under the secondary jump. 

Before laying down the general principles which are at hand, permit me to say 
that there is a deep appreciation of the limitations of the suggestions and it is not 
expected that they will be followed in all cases. These suggestions are offered 
simply for what they may be worth, as a possible contribution to good construction 
and engineering. 

The general principles would be: 


1. Equal window openings, parallel and perpendicular to the longitudinal axis 
of the building. 

2. Windows higher from the floor as they approach the center longitudinal axis. 
It may be desirable on account of the width of the building to have more than one axis. 


The illustration, Fig. 8, will give an idea of about what is recommended and 
Fig. 9 gives typical column spacing and aisle widths for widths of buildings from 
300 to 900 ft. Buildings more or less than this width could follow similarly. 
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In general the discussion is restricted to the principles laid down and their appli- 
cation on this type of building to the airation. It might be mentioned, however, that 
the problems presented in the daylighting of buildings van be well taken care of 
in the design and that proper fenestration will give wonderful results in the intensity 
and uniformity of the daylighting. The design will, in a wide range of cases, take 
care of the production and handling of materials. The construction costs have 
been checked by a large and well-known firm of structural engineers and in their 
opinion the design is economical. 

What will be gained in this and similar designs by the application of the prin- 
ciples laid down are: 

1. There will always be openings, in the lee or jump of the wind, regardless of 
its direction, which can be opened for outflow and always windows which are subjected 
to the pressure effect of the wind which can be used for inflow openings. 

2. Air can be brought in at almost any desired point, using the pressure effect 
of the wind, carried through the zone of occupation and out at other convenient points, 
giving an actual and controlled airation. 


3. The design lends itself to purely local control of the airation at certain points, 
as well as mass control covering large floor areas. 


4. The design lends itself to a wide range of the air movement, ranging from 
relatively small to extremely large amounts, since the window opening area can be 
varied within wide limits. 

5. The motive force of the wind and the head due to temperature difference 
can be coordinated for effective airation. 


The conservation of the human element is a fertile field in the economics of in- 
dustry. It is now quite generally accepted that those things which promote the 
general welfare and protect the health, will favorably influence the morale, add 
to the satisfaction of employees, and in general increase their efficiency. It, 
therefore, seems feasible, since all the evidence to date would indicate that 
efficient ventilation fits in this picture very well, that there be incorporated in the 
design of industrial building adequate and correctly controlled airation. 


APPENDIX 
Methods of Test 


The research on airation, on which the conclusions are given extended over a 
period of three years. The program was carried out on the following plan: 
1. Review of all information available on natural ventilation written in English 
and German. 
2. Model tests. 
3. Field surveys. 
4. Co-relation of model tests and field surveys. 


Review of Available Information 


As indicated, the first approach to the problem was a search of all available in- 
formation. Much of the “art’’ was read. A perusal of the extracts shows that 
little information on the subject had been written, and most of the real information 
was obtained from papers by English authors. A large proportion of the state- 
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Fic. 10. A Mops. Facrory Buiipinc UsEp In TEstT 


ments made seemed inaccurate on their face and some were so highly colored as to 
create lack of confidence. A number of things said by one author were often re- 
peated by others on the assumption that they were true, probably because they 
seemed plausible. It, therefore, seemed essential to disregard, at least temporarily, 
practically all that had been written and start at the bottom. 


Model Tests 


The apparatus used for making wind tests on the model, Fig. 10, is shown in 
Fig. 11. A 75 h.p. Sirocco fan delivered air through a wind duct or tunnel, the 
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outlet dimension of which was approximately 10 ft. wide by 3 ft. high. A 10 ft. 
x 15 ft. platform, on the level with the floor of the wind duct, was placed in front 
of the mouth of the duct. The speed of the motor could be controlled to produce 
any wind velocity from about 2 miles per hour to 20 miles per hour. 


The test model shown in Fig. 11 consisted of a tight box, built to scale, and the 
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Fic. 14. Curves oF Arr Flow AS MEASURED DURING 
FIELD SURVEY 


part projecting above the floor of the platform represented the roof of a building 
with a run of movable sash on each side. The roof was so constructed that the 
slope could be set at any angle from a steep gable, to a deep inverted, and the win- 
dows could be opened to any desired angle. 

The direction and volume of flow was determined by a calibrated anemometer 
placed in a 3 ft. length of sheet metal pipe inserted in the lower part of the model. 
The anemometer and pipe were so shielded that the external air currents would 
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have no effect upon the action of the instrument. The construction of the model 
and platform permitted the model to be oriented so that the wind could blow over 
it at any desired angle. 

This particular set-up was not used so much to determine actual volumes of 
air passing through the model as it was to determine the effect of various types of 
monitor roofs, different wind velocities and different angles of the wind upon the 
direction of flow through the model for different window-opening combinations. 
The other set-ups were similar to the above, the details of which were determined 
by the nature of the test. 

A wall board box 4 ft. square and 20 ft. high, shown in Fig. 12, was used to de- 
termine the coefficients of resistance for different openings of different types of 
windows. This model was also used to obtain data of the flow of air due to tem- 
perature difference. 

A window opening was cut in the wall near the top. On the same level, on another 
side of the box, there were three 6 in. holes cut in the wall. Over these holes could 
be attached pieces of cardboard containing holes of 5*/i. in. diameter, (a stand- 
ard orifice having the same resistance as the anemometer and pipe unit), or other 
pieces containing holes equal in area to three-quarters, one-half and one-quarter 
of the standard orifice. Similar holes and a like set of card-board orifices were 
provided at the bottom of the tall model. 


An electric heater, located in the bottom of the model, warmed the air and caused 
flow. One-inch holes, stopped with corks, were located up one side of the model 
and by means of these, and a smoke apparatus, the position of the neutral zone 
(see Prof. J. E. Emswiler’s paper, The Neutral Zone in Ventilation, A.S.H.&V.E. 
JouRNAL of January, 1926) could be established. 

In testing the window was first closed tight. A certain combination of orifices 
was then arranged, exactly alike at top and bottom of model. The neutral zone 
was then located. Immediately, the upper orifices were covered, and the window 
opened to such a degree that the neutral zone was re-established in the same posi- 
tion as that occupied when the orifices were in use instead of the window. The 
angle of opening of the sash was then observed and recorded, in connection with 
the orifice combination for that setting. 

It is seen that the method employed consists in comparing directly an unknown 
resistance with a standard resistance, using the neutral zone as a sensitive means 
of indicating when equilibrium between the known and unknown has been estab- 
lished. It involves no observation except that of determination of the neutral 
zone, and a reading of the angle of setting of thesash. The accuracy of the method 
is very good—better in fact than is the accuracy of our knowledge of the Standard 
Resistance method. 


Field Surveys 


The results of the original model tests lacked the convincing element of verifica- 
tion on actual buildings. Exploration of actual buildings permitted study of the 
combined effect of temperature difference and the wind, and for this type of study 
the problem of scale on models is almost unsurmountable. Therefore, serious 
studies were made extending over long periods of time, at typical industrial 
plants. (See Fig. 13.) Usually the testing party consisted of five men, the tests 
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were run for several consecutive days, and the general plan was to put down the 
general conditions of the wind and temperature difference and to measure the flow 
of air at such a number and location of test stations as would actually tell what 
was really happening in the airation of the building or group of buildings. 


Co-relation of Model Tests and Field Surveys 


The results of tests on actual buildings have been analyzed and have been com- 
pared with the application of such theories and general experience as had been 
acquired on model tests. In many cases after tests on buildings, models of the 
buildings have been constructed in some completeness of detail and tested in the 
laboratory for the express purpose of finding whether or not the use of models 
was justified in predetermining the airating characteristics of full-size structures. 


Brief reference will be made to but one of the many examples of the co-relation 
of field surveys and model tests. Fig. 13 is a floor plan of a large industrial plant 
specializing on large steel castings. The cross lines, 1-1, 2-2, etc., indicate the 
lines of the test stations. The direction and velocity of the wind during the six 
field surveys is shown. 

Fig. 14 is a cross section through buildings J, K and A or B, and shows the gen- 
eral direction of the wind perpendicular to buildings K and J, and parallel to build- 
ings Aand B. The height of buildings J and K was such as to cause a jump of the 
wind over the windward end of buildings A and B and therefore create a suction 
area at the windward end. In Fig. 14 are also shown the curves of the velocity 
of flow through the monitor windows as measured during the field surveys and 
as measured on the model of the buildings, Fig 10. Such checks as the above, 
it is believed, are close enough for all practical purposes and would justify the 
conclusions which were arrived at by the use of models, which could not have 
been obtained by any other practical method. 


DISCUSSION 


L. A. Harpine (Writren): This paper is the most complete analysis of the 
subject that has thus far appeared in any American publication. 

The author and his company deserve the thanks of all engineers interested in 
industrial plant design and operation for the thorough and scientific manner in 
which they have covered the subject. 

The conclusions drawn from the data collected from tests extending over a 
period of several years are of more than passing interest. The paper should be 
read and digested by engineers and architects who specialize in the industrial 
field, in order that they may frequently better serve the interests of their clients. 

There are many points in reference to the theory of airation brought out in this 
paper which apparently were not in the past very well understood by engineers. 

The writer was very much interested in the statements made in reference to 
the effect of roof shapes on airation and particularly to the inverted gable type. 
This type of roof is not only more expensive to construct from a structural, sash 
and glazing standpoint but increases the cost due to the inside leaders and under 
the floor cast-iron sewer pipe required, as compared with the straight side monitor 
type of roof construction. 
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With many processes of manufacture, the airation of the building is of secondary 
importance, whereas daylight illumination is of considerable importance. 

If we are able to design the building so that when properly daylighted the 
airation problem is at the same time solved in a satisfactory manner without 
additional cost, then we have accomplished something very much worth while for 
the owner. 

Such a design is shown by Fig. 8 which it is claimed, by the author, complies 
with the requirements for both efficient daylighting and good airation regardless 
of the direction of the wind, when the window ventilators are properly operated. 

The longitudinal bay spacing of the building is not stated. The writer would 
assume this to be approximately 20 ft. for an economical design. 

An outline drawing of the structural design showing both longitudinal and 
transverse sections for the design shown by Fig. 8 would, I believe, give a little 
clearer understanding of the requirements to be met in respect to the structural 
features involved. 


ANDREW VoGEL (WriTTeN): The paper presented by Mr. Randall is of particular 
interest because of its extremely wide application and also because it upsets one of the 
fundamental principles of industrial plant design. Heretofore it has been the custom 
in preparing a general plant layout for a large industrial plant to consider the 
topography and the climatic conditions with reference to temperature, humidity, 
rainfall and prevailing winds. These items will not be changed, but when consider- 
ing prevailing winds we will no longer think in terms of placing the longitudinal 
axes of the various buildings parallel to the prevailing winds, but we will be able to 
place the buildings at right angles to the prevailing winds or at any angle desired 
in order to get better plant layout, because we will know just how the wind will 
act with reference to the plant layout itself. 

Briefly, then, Mr. Randall has given us basic information for the natural ventila- 
tion of industrial plants. Those of you who have been accustomed to preparing 
general plant layouts know that it has been necessary to place the cleaner oper- 
ations on the windward side and the dirtier operations on the leeward side. This 
practice, of course, will be continued, but it will be continued with a wider knowl- 
edge of how to handle disagreeable fumes and smoke from the dirty operations of 
the industrial plant. 

It has a still wider application and that is with respect to city planning. City 
planning is relatively a new science in this country, although relatively old in 
Europe. You, of course, know, who have studied it that the city plan of New York 
is fundamentally wrong both from the standpoint of natural lighting and natural 
ventilation. If you will refer to the paper, particularly the chart on page twelve, 
you will note that the prevailing winds in New York City do not properly ventilate 
the multitude of crosstown streets. 

In the summer season winds are of the most importance in industrial plant design, 
but, of course, winter winds must also be considered. I am going to be particularly 
brief as the hour is late and therefore will not discuss these items in detail, but 
I am prompted to say that future studies on this subject will bring out further 
information which will be of value not only in the natural ventilation of our in- 
dustrial plants, but also to throw more light on the heating problems in the large 
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buildings we are now accustomed to use. ll of us have had difficulty in obtaining 
uniform heating in large industrial plants. Most of the trouble has been due to 
natural ventilation currents going on all the time which we did not know anything 
about or only had vague knowledge regarding them. With more information it 
will be possible to plan the heating to better advantage. 

The Illuminating Engineering Society has devoted, for the past two or three years, 
an entire session to the natural lighting of buildings and has already obtained 
enough information so that we have established rules as to the approximate areas 
and percentages of glass required for satisfactory natural lighting of buildings. We 
have also found that the testing of models of natural lighting showed exactly the 
conditions which would occur in industrial plants. 

Now, then, with respect to the natural ventilation of buildings, I am pleading for 
a wider study by all of you so that you will be able to correlate model tests with 
field tests and apply them both in the design of future buildings. I had prior 
knowledge of the work that Mr. Randall was carrying on so that I was able to use 
some of the data in the preparation of plans for a large industrial building now 
in process of construction, and not only the principles of natural ventilation but also 
those of natural lighting were used. 

It is a very great pleasure for me to express my appreciation of the splendid 
work that he has done and I do hope that more of you will enter this field; so that 
the forces of nature will be more thoroughly studied with respect to natural ven- 
tilation in order that we may be able to utilize the prevailing winds to ventilate 
not only our industrial plants but also our cities. 


Pror. J. E. Emswiter: I will only say a word, about the use of models for deter- 
mining data such as this paper is based upon. A model is particularly suited for 
examining the effect of the wind, because the intensities of the pressures and suc- 
tions are produced in full scale. It doesn’t make any difference whether the object 
that is placed in the path of the wind is only a few feet in dimension or whether it is 
a few hundred feet, the intensity of the pressure and suction is just the same; so 
that the model, as I say, is an eminently suitable way of examining the influence 
of the wind. It gives control of all the variables and brings everything within 
the range of vision and perception. Of course, in connection with the temperature 
difference, that is an entirely different story, because temperature difference is a 
direct function of height. In a model we can secure, of course, the temperatures 
that are suitable, but the forces that are produced would be only in proportion 
to the height. Therefore, we had to resort to the unbalanced design of the model, 
the tall, narrow affair, in order to verify experimentally some of the things that we 
wanted to know. Fortunately, however, the forces resulting from temperature dif- 
ferences are easily or readily calculable from the laws of physics, and it was only 
necessary to verify these, and to determine the coefficient of resistances of operation 
in order to calculate flow. 


Mr. Ranpati: While I have tried to be conservative and accurate in all the 
statements which have been made in this paper, I was in hopes that the discussion 
would include some serious objections. I can usually answer objections or elab- 
orate on the points made, but I am at a loss to know how to reply to the discussion 
presented which seems to be chiefly commendation. Needless to say, however, 
both Professor Emswiler and myself appreciate some of the nice things which have 
been said. 





No. 794 
DAIRY STABLE VENTILATION 


By F. L. Farrpangs,'! Irnaca, N. Y. 
NON-MEMBER 


HE subject of dairy stable ventilation has received considerable attention 

I in New York State during the past few years and the author will discuss 

briefly the situation as it was understood and practiced for many years and 
possibly, in some instances, is today, and then describe some studies of the problem, 
pointing out important factors determined and describe the discovery of the effect 
of internal air movement on the ventilation problem. 

First of all, there is the King theory of ventilation, having as its principal objective 
the maintenance of a certain per cent purity of air in the stable, the hourly flow 
for this purpose being computed as 3545 cu. ft. per head of stock of 1000 lb. weight. 

A great deal of work has been done about this assumption and resulting from it 
are three distinct types of systems, the King, the Rutherford, and the Modified 
Rutherford. All three of these systems had their advocates and no one was able 
to prove one superior to the other, for the air usually went out of the flues at the 
proper rate in all cases. 

The milk ordinance boards specified adequate ventilation for dairy stables as all 
the medical men agreed that fresh air was desirable. At this point, milk regulations 
began to require ceiling the inside of dairy stables to make the walls smooth and 
tight for sanitary reasons. 

With the remodeling of dairy stables to suit the milk ordinance rules, a big 
group of dairymen supplying milk to cities found that the labor and material that 
they had expended in improving their stables was likely to be all lost because, in- 
stead of having a stable wall which would allow moist air to pass through it more or 
less freely, they now had a tight wall which prevented the escape of the stable 
moisture. The result was that moisture collected on the ceiling and walls, window 
sills were flooded with water, windows swelled either open or shut, doors warped, 
the ceiling in some cases swelled and buckled, and, if the dairyman attempted to 
relieve the conditions by opening the hay shutes, the hay around the shute became 
wet and rotted and the underside of the roof became coated with frost which, on the 
next sunny day, melted and soaked the roof timbers full of water. 

Thus, like many other subjects, the factor that had been considered as all im- 


1 New York State College of Agriculture, Cornell University, Ithaca, New York. 
Presented at the Annual Meeting of the Ammrican Society oF HEATING AND VENTILATING 
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portant (the purity of the air in the stable) became submerged in the problem of 
moisture removal. 

At this stage then, when commercial and home-made systems of ventilation were 
in operation in dairy stables and no one was satisfied and everybody was arguing 
about the subject and the moisture problem was getting worse in both ventilated 
and unventilated stables, and the commercial companies were sitting tight on 





Fic. 1. Ar Movement Stupy—Sinc.Le Giass WINDOW 
IN A STEAM HEATED Room 


their own pet theories, it was at this point that Prof. A. M. Goodman and the 
author, feeling like the ‘fools that rush in where angels fear to tread,” took over the 
study of what seemed to be an important agricultural engineering problem—that 
is, the preservation of the structure of the dairy stable and barn by the removal of 
excess moisture from the dairy stable. 

Other factors also were in mind which were not so easy of solution or rather 
measurement, such as improvement in the health of the stock in connection with the 
T. B. campaign of the State, more efficient working conditions for the dairyman, and 
the installation of a system of ventilation which would relieve the dairyman of the 
constant manipulation of the doors, windows or flues to maintain reasonably uni- 
form temperature, humidity and air conditions in the stable. 
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The first step was, therefore, a survey of the literature. This did not enlighten 
us much. Conferences were then held with the engineers of companies making 
ventilation systems for dairy stables. These conferences were interesting but not 
instructive. 

There remained two courses of action, one to build an experimental stable and 
equip it with stock, etc., for test, the other to make tests in existing farm dairy 
stables. The latter was the only course open at the time, so a survey of the state 
was made and representative systems of the various types both commercial and 
home-made in the different dairy sections of the state were selected for test. 


The ventilation of dairy stables is most difficult during the midwinter months 





Fic. 2. Ark ENTERING A STABLE AS SHOWN BY THE VENTILA- 
TION INDICATOR PLACED IN THE INTAKE UPPER RIGHT 


when extremes of temperature, wind and humidity occur. It was, therefore, de- 
cided to make the tests during the months of January and February. 

There were no very definite formulae for determining the flue area for a stable, 
but all seemed to hinge about the King theory, and, in general, the formula de- 
veloped by J. L. Strahan* of the Louden Machinery Co. for a 20 deg. difference in 


temperature seemed to fit fairly well, i.¢e.,A = = 


VH 
in which A = total area of flues in square inches. 
N = number of cow units, stable capacity. 


?jJ. L. Strahan, “Design of Outtake Flues for Stable Ventilation,” Transactions A.S.ofA.E., 
Vol. XV, 1921 
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H = difference in elevation in ft. between the point where fresh air enters 
stable and point where foul air leaves outtake flue. 


The factors that were thought to be important to the proper functioning of a 
ventilation system were: 

1. Number of cubic feet of air space in stable per head of stock 

2. Insulation of the stable 

3. Height of flue 

4. Area of flue. 

Therefore, in the tests made, a check on the measurements and construction of 
the stable and system was taken in each case before starting the actual test. 

In making the tests, it was necessary for Prof. Goodman and the author to work 





Fic. 3. Am Movement ADJACENT TO AN OUTTAKE—THE 
VENTILATION INDICATOR ON THE FLOOR WITHIN Two FEET OF 
AN OUTTAKE 


in 12-hour shifts each, the shift being made at 12 noon and 12 midnight. Each 
man was on duty constantly during his shift except for meals. 

Recording instruments were used in the stable and out-of-doors for temperature 
and relative humidity measurements. The readings of out-door conditions were: 


Weather 

Temperature 

Relative humidity 

Wind velocity at ridge of barn 
Wind direction 

Barometric pressure. 


PH > 99 bo = 
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In the stable from 10 to 40 stations were selected at floor, ceiling and mid-points 
in the alleys and over the cows, for the reading of temperature and relative humidity. 
In addition the velocity of air through the intakes and outtakes was measured as 
well as the temperature at different points in the flues. 

A start was made by taking readings every 3 hours but it was found that at 
times of weather changes things were happening in between readings for which no 
record was available. 

Certain unexplained temperature and relative humidity changes were taking 





Fic. 4. THe VENTILATION INDICATOR—THE APPARATUS DEVELOPED TO 
Derect AND TRACE AIR MOVEMENTS WITHIN THE STABLE 


place for which no explanation could be found. Then, too, condensation was oc- 
curring in certain parts of the stables for no apparent reason, some parts of the 
stables were comparatively free from odors, some stables, with the same air move- 
ment, so far as it could be measured, were noticeably more smelly than others. 

The next step was to take continuous readings throughout weather changes. 
This gave the missing points on the curves; still we were in the dark as to why cer- 
tain stable conditions persisted. There was something going on which could 
be measured, but for which there was no evidence as to the cause. A number of 
causes could be assumed, but that was not satisfactory for we could not be sure that 
our assumptions were correct. 


The air flow for any type of system could be measured. Some systems were more 
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affected by out-door temperature changes than others. No very great difference in 
relative humidity for the different systems was noted, but some stables were more 
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Fic. 5. Inpicatrnc OLp THEory oF Arm MovEMENT—THE KING TYPE 


smelly and wet than others. Why? That was a question to be answered. There- 
fore, a study of the air movement in the stables was started. 


The outtakes behaved quite uniformly. The intakes were affected by the wind 
and type of opening into the stables. 


The air movement within the stables could not be seen but it was felt that some- 
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thing must be going on there that was the cause of all these unexplained happenings. 
The usual two-bottle ammonium chloride smoker was used, but the stable air 
movement was so gentle that the heat from the observer’s body affected the smoke 











Fic. 6. Acruat Arr CIRCULATION AS DETERMINED BY 
VENTILATION INDICATOR 


drift or caused eddies. Also, blowing the ammonium chloride out of the tubes 
gave an initial velocity to the smoke and, therefore, was not a true indicator. 


Thus necessity, which is the mother of invention, caused us to look for some de- 
vice for accurately detecting the air movement within the stables and the author 
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devised an apparatus which is called a Ventilation Indicator, Figs. 1, 2, 3 and 4, 
for the spontaneous generation of ammonium chloride vapor and with it several 
puzzling points have been cleared up. 

The apparatus, like many things that are of value, is very simple. In the form 
used for ventilation work, it consists of two concentric dishes. The bottom of the 
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Fic. 7. Tue Farsanks-GoopMAN Typr. A STABLE VENTILATION SYSTEM 
DESIGNED FROM RESEARCH RESULTS 


larger dish is covered to a depth of about '/s in. with ammonium hydroxide, the 
bottom of the smaller dish is covered to the same depth with hydrochloric acid. 
The smaller dish is placed within the larger dish and the vapors from the two chem- 
icals immediately combine to form the familiar ammonium chloride salt. 

Through the cooperation of Eimer and Amend in this work, the complete 
apparatus in suitable carrying case with compartments for sling psychrometer and 


anemometer is available so as to provide complete equipment for air movement 
studies. 
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Now let us discuss what has been learned about the air movement in dairy stables. 
The original theory, universally accepted, was that the fresh air must enter in 
front of the cows, that it passed by the cows’ heads and bodies and should be taken 
out of the stable from behind the cows and that it was quite important that out- 
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Fic. 8. Arr TRAVEL IN THE RUTHERFORD TYPE 


take flues should be placed at certain specified intervals because the draft created 
would draw the air from the stable over a limited area only. 

Thus in the past the air flow within the stable was represented as in Fig. 5 which 
indicates the natural draft system with floor outtakes and ceiling intakes as origi- 
nally devised and illustrated by King. 

But what was found by actual test in all stables having this type of system is 
shown in Fig. 6, a strong upward movement of air toward the ceiling about each row 
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of cows, a decided movement along the ceiling toward the wall, then down to the 
floor past the outtakes and back to the cows. A less decided but traceable move- 
ment occurred along the ceiling toward the center of the barn, down to the floor 
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Fic. 9. Ar MovgeMENT IN THE MopiIFIED RUTHERFORD SysTEM 


and back to the cows. This action was found regardless of whether the intake 
was at the center and the outtake at the wall or vice versa, although with the intake 
at the wall, the mixing action was more pronounced. 

It was found also that if all drafts caused by leaks could be stopped, it was neces- 
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sary to get closer than 4 ft. to an outtake to detect any movement of the stable air 
to the outtake. 

This seemed to indicate that the function of the outtake flue is not primarily to 
determine the direction of air currents by its location, but rather to act merely as an 
exhauster to lower the pressure in the stable leaving the factor of distribution wholly 
to intake location and convection currents. 

This led to the belief that instead of moving fresh air past the cows, the fresh 
air was being mixed with stable air and the cows breathed this mixture. 

As observations were continued to trace the convection currents causing this 
mixing action, it was found that when the action was positive no condensation 
seemed to occur, but that when the action was sluggish condensation was usually 
noticed. 

Another interesting discovery was, that in stables having these convection cur- 
rents most clearly marked, there was another air drift or current along the ceiling 
from the stanchion rows where the cows are close together to the sparsely populated 
box stall section of the stable and back along the floor to the stanchion rows. 

The removal of moisture from the stable walls, therefore, seemed to depend 
mainly on this convection current mixing action and the more positive it was, the 
more uniform were the stable conditions. 

The circulation past the walls was the downward sweep of a convection current 
in which the upward sweep was induced by the heat from the cows. With a given 
quantity of heat available, the intensity of this movement could be increased only 
by accentuating the chilling effect at the walls. If this were accomplished by 
reducing unduly the wall insulation, a general and undesirable lowering of stable 
temperature would result. The chilling effect of the incoming air, however, is 
unavoidable and it, therefore, became evident that advantage should be taken of 
this means to stimulate the convection currents. 

It was decided to do this by arranging the intakes to admit the entering air at the 
stable walls and this feature based on the reasoning just given constitutes the most 
distinctive characteristics of the Fairbanks-Goodman system. The thorough 
diffusion resulting from this feature makes possible the other main characteristic 
of the system, which is that the floor outtake flues may be located as dictated by 
constructional convenience. 

It had been proved to our own satisfaction that the floor outtake was more de- 
sirable than the ceiling outtake because of the very much better temperature con- 
trol due to the large volume of warm air held in the stable by the floor outtakes, 
this volume acting as a heat reservoir which made sudden changes in temperature 
impossible. 

The establishment of the importance of convection currents in stable ventilation 
would also eliminate the necessity of relating the design of the system to the direc- 
tion in which the cattle face, with heads in or out, which, under the old theories, was 
considered a limiting factor. 

With these facts and assumptions in mind, it was thought possible to design a sys- 
tem that would— 


1. Completely and continuously mix the fresh incoming air with the stable air 
throughout the entire stable. 
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2. Prevent the condensation of moisture on the stable walls. These walls to be 
only moderately well insulated. 

3. Remove foul odors and gases at such a rate that the air would be sweet and 
comfortable to breathe. 

4. Maintain reasonably uniform temperature in the stable throughout the winter 
season. 

5. Prevent freezing in the stable, without the use of artificial heat, while ade- 
quately ventilating the stable. 

6. Function satisfactorily with a full stable or with 70 per cent or even 60 per 
cent capacity. 

7. Allow the placing of the intakes on the side walls regardless of which way the 
cows face. 

8. Permit location of the outtake flues wherever convenient to put them. 

9. Function with the minimum of attention from the dairyman. 


Such a system was built in a very ordinary 20-cow barn. Three walls of the 
stable were double boarded and ceiled while one wall next to the bay floor was 
of single boarding with roofing paper over it to stop the cracks. The wall insulation 
was thus below the average. There was only one outtake located at the point most 
convenient for construction and four intakes along two walls located to stimulate 
convection currents. 

The operation of this system was most satisfactory and proved that the objec- 
tives previously stated were quite possible of attainment. 

One might think that the complete mixing accomplished by the convection cur- 
rents would saturate the stable with foul odors but it was found that with the proper 
flow of air through the stable and the high degree of air purity maintained, the air 
was not only free from unpleasant odors but was noticeably sweet with the odor of 
hay and pleasant to work in. 

The Rutherford system with ceiling outtakes and floor intakes, which we have 
not had an opportunity to test as thoroughly as possible, is the other principal 
type of system and gives a diffusion of air somewhat as indicated by Fig. 8. It 
gives fair diffusion, but is subject to localized effects of outtake flue and when ex- 
treme cold periods of below zero temperatures occur the system has to be closed off, 
thereby destroying the ventilation effect. 

The Modified Rutherford system using ceiling outtakes and ceiling intakes, Fig. 
9, has been tested thoroughly and it has been found that there is a tendency for the 
incoming air to short circuit as shown by the arrows. Pockets of foul air are apt to 
occur and the system shows an extreme sensitiveness to weather changes. 

With the ceiling outtake type and especially with the ceiling outtake and ceiling 
‘iitake type of system, it is impossible to maintain uniform conditions throughout 
uhe stable and at low temperature periods the flow of air must be materially reduced 
and, at times, stopped to prevent freezing in the stable. 

There are at present four types of systems of natural draft ventilation for dairy 
stables: the King, the Rutherford, the Modified Rutherford and the Fairbanks- 
Goodman type. 

All of these systems are in use today and all of them are an improvement over no 
ventilation at all, but, like some other things, some of these systems are better 
than the others. 
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In concluding, please let it be emphasized that, from the studies of the air move- 
ment in stables, the essential factors in dairy-stable ventilation are found to be: 
1. A heat reservoir should be maintained in the stable by means of floor outtakes 
if we are to secure temperature control. 
2. Convection currents should be stimulated. 


3. The positive action of these convection currents will give us complete mixing 
and diffusion of the fresh incoming air, uniform air conditions throughout the stable 
and will prevent the accumulation of condensed moisture on the walls or ceiling. 


4. The stimulation of the convection currents is materially assisted by locating 
the intakes on the side walls. 


5. Drafts are avoided by destroying the velocity of the incoming air as it enters 
the stable, thus making it fall of its own weight through the warm stable air. 


6. By accomplishing complete mixing of the fresh air and stable air, we are able 
to locate the outtakes wherever it is most convenient to construct them, thus keeping 
the mow and stable free of obstructions. 


7. No intake should be closer than 6 ft. to an outtake. 


8. From 50 to 60 cu. ft. Ce Seen ee at at ete hk aetans toate 
quately ventilate and maintain a sweet dry stab 


9. Meee a teen ee ak eee in nk kh hate oe 
tems such as electric fan outtake systems. 


10. For the electric fan systems, properly designed and located intakes are as 
important as for the natural draft systems. 


As a result of this work, the New York State College of Agriculture has published 
an Extension Bulletin, No. 151, which is intended to give the dairyman a better 
knowledge of the problems of ventilation of the dairy stable and to aid him in the 
selection of a system for his needs. 


It is felt that much more work can be done in the way of determining the effect 
on the cattle of ventilated and unventilated conditions and in determining the 
exact amount of insulation needed. 


What has been determined in regard to the movement of air in stables has been 
of great value to us and it is hoped that it may be of use in the solution of other 
ventilating problems. 


DISCUSSION 


Pror. A. C. Wiiuarp: The paper is most interesting. Prof. Fairbanks has 
shown us in our work at the University of Illinois in the study of circulation of 
air in experimental houses and experimental rooms a method for generating with- 
out initial velocity ammonium chloride fumes for the study of air currents. We 
are using the exact apparatus that Prof. Fairbanks has here, these double dishes 
of ammonium hydroxide, and by using them on a vertical standard, three sets of 
dishes, at floor, breathing line and ceiling height, we have discovered most unusual 
conditions of air flow, at these very low velocities, which exist both in indirectly 
heated rooms heated by warm air furnaces, and rooms which are heated by direct 
radiation with steam or hot water radiators. 

One of the surprising things we have discovered in connection with the multiple 
arrangement on a vertical standard was the air flow between two rooms connected 
by an open door. In one room the amount of radiation or heat supplied was in 
excess of the requirements for that room and in the adjoining room the heating 
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requirements were not quite satisfied for that room. There was not only a circu- 
lation established between the two rooms through the doorway, but we have dis- 
covered there are three or even four different currents that flow through the door- 
way; one coming from the overheated room into the cooler one; one coming back 
across the floor line in the reverse direction with direct radiation and a third circu- 
lation at about the middle plane of the two rooms. This latter case was most 
pronounced in a warm air furnace installation. We never suspected this secon- 
dary circulation which goes on in the upper part of a room until*we tried out these 
very delicate air drift indicators. We have tried a great many air drift indicators 
but practically all of them give some initial velocity to the jet. They require the 
presence of the operator in the immediate vicinity of the jet or the smoke fumes, 
the result being that the initial impetus given to the source of smoke vitiates the 
evidence that the jet seems to present. 

I don’t want to belittle the contribution Prof. Fairbanks has made in the field 
of barn ventilation, but this air drift indicator is one of the most important aids 
to the man making a study of air currents that has come to our attention in the 
field of heating rooms by direct or indirect systems. The investigator who over- 
looks the visual evidence which he can secure by the use of smoke fumes of some 
sort has overlooked a most important thing in his study of heating and ventilating 
problems. I want to thank Prof. Fairbanks for having prepared the paper, in as 
much as he showed us a method of arriving at results we never could have secured 
otherwise. 


H. P. Gant: May I ask Prof. Willard in which direction the third air flow was 
found to go? 


Pror. WitLarp: Usually in the exactly opposite direction from the one that is 
flowing on the floor in the case of a warm air furnace installation. We have found 
further that in a directly heated room with direct steam or hot water radiators 
placed at the window the air currents naturally rise to the ceiling, go across the 
ceiling in a thin layer to the inside wall, do not drop to the floor, but begin to come 
back toward the outside wall within a distance of 12 to 18 in. or less from the 
ceiling. In the upper part of the room, down to the height of the chairs, desks 
and other furniture, you will have a circulation that will be quite independent, pos- 
sibly, from the circulation at the floor line. 





No. 795 
CORROSION IN STEAM HEATING SYSTEMS 


By F. N. Spe.usr,! Prrrssures, Pa. 
MEMBER 


UCH has been written on the deterioration of steam boilers, economizers 
M and hot water supply piping, due to corrosion, but less on the deterioration 
of steam heating systems. Nevertheless, in some localities a considerable 
wastage of material in steam heating systems results from this cause—particularly 
is this noticeable in steam return lines. Chemical treatment and deaeration are 
now commonly applied to boiler water in power plants, but the need for such 
treatment in steam heating units has only been recognized recently in central heat- 
ing plants. 

In the construction of large buildings about 40 per cent of all the piping (except 
electric conduit) is used in heating systems. Steel or wrought iron pipe has been 
almost universally used for this purpose with variable results depending upon 
factors incidental to service and independent of the pipe material. Fortunately, 
serious corrosion of steam lines can be checked at relatively small expense and 
trouble. 

The corrosion of steam heating systems is associated mainly with certain types 
of boiler feed water and, therefore, varies widely in different localities, depending 
upon the composition and quantity of non-condensable gases evolved with the 
steam. The harmful gases are oxygen and carbon dioxide. Sometimes serious 
corrosion is caused by abnormal leakage of air into the system. 

The mechanism of corrosion is now quite generally understood and need not 
be described here in detail. Essentially the reaction involves the slow solution of 
iron in water to form ferrous hydroxide which, in the presence of free oxygen. forms 
the more insoluble ferric hydroxide commonly known as rust. A proportional 
amount of hydrogen is plated out, polarizing the metal and quickly stopping the 
solution of more iron. When oxygen is present it unites with the active hydro- 
gen; or if an acid is present, molecular hydrogen is formed and evolved as a gas. 
In either case, when the restraining effect of the hydrogen film is removed, the 
high solution pressure of the metal causes more iron to enter solution and these 
reactions are repeated until either the iron or the free oxygen is exhausted. The 
chemical factors controlling corrosion in steam systems are, essentially, oxygen 
and carbon dioxide. 

The free oxygen in natural waters does not vary materially under the same 

1 Metallurgical Engineer, National Tube Co., Pittsburgh, Pa. 
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conditions in different localities, but the carbon dioxide which is loosely held in 
solution ranges from 5 to 100 p.p.m. or more. Carbon dioxide is usually present as 
the bicarbonate of calcium or magnesium. Therefore, waters which show a high 
degree of temporary (bicarbonate) hardness evolve more carbon dioxide when 
heated in a steam boiler than softer waters and therefore make a more corrosive 
steam. On the other hand, in plumbing systems, hard waters are usually much 
less corrosive toward piping than softer waters, due to the protective scale they 
deposit on the metal. 


So, the problem of steam pipe corrosion includes three essential factors— 


) 


Oxygen Content, ¢.c.per liter 
a oi. 





Temperature, deg fahr. 


Fic. 1. So._usmity oF OxycEN IN WATER, ASSUMING SATURATION 
WItH WATER VAPOR 


moisture, oxygen and carbon dioxide—the latter apparently being in most cases 
the chief accelerator of corrosion in return lines. Carbon dioxide at 60 deg. cent. 
(140 deg. fahr.) and atmospheric pressure is nearly one hundred times as soluble 
in water as oxygen, and is therefore readily taken up by the condensate. The 
solubility of these gases in water at various temperatures is indicated in Figs. 1 
and 2. Furthermore, the ferrous bicarbonate formed will be decomposed in 
the boiler, releasing the CO, gas again so that a small amount of carbon dioxide 
may travel around the system repeatedly and, eventually, do considerable damage. 
The action of the acid in the absence of oxygen is relatively slight, so that every 
reasonable precaution should be taken to exclude air from the system, but, of 
course, this is not entirely practicable in steam heating systems especially when 
they operate under vacuum. 

The difference in deterioration of steam systems of the same type in different 
localities is often due to the variable acidity of the condensate and this is a matter 
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that can be regulated to a large extent by the use of a suitable system of boiler 
water treatment. Steam return lines in New York City buildings using Catskill 
water, for example, suffer much less than similar systems in Los Angeles, where 
the water carries the same oxygen but over ten times the amount of active carbon 
dioxide as that present in New York water. 

The influence of the type of design of the system on the rate of corrosion does 
not appear to be so important as other factors. Proper installation, however, is 
essential. As corrosion is proportional to the oxygen dissolved in the condensate 
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Fic. 2. So_usiiity of CARBON D1oxIpE IN WATER 


precautions should be taken, especially in systems operating below atmospheric 
pressure to make all joints air tight. ‘Threaded joints may be made more secure by 
the addition of some zinc dust to the lubricant or threading dope. It always pays 
to keep threading dies in good condition. Smooth clean-cut threads can easily 
be made on steel pipe. Tight joints may be secured by welding. 

Boiler water reactions control the acidity of the steam and as pointed out before, 
this factor will often account for the difference in durability between different 
systems. Acid steam is quite frequently produced from alkaline water. There 
are two common reactions by which carbon dioxide may be liberated from the water 
with the steam. The first involves the decomposition of bicarbonates, the half- 
bound CO; being driven off to some extent where the water is heated to 140 deg. 
fahr. Vacuum type deaerators operating at 180 deg. fahr. have been found to 
remove 35 per cent of the half-bound CO, from bicarbonates of calcium and mag- 
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nesium and as such apparatus will at the same time remove the free oxygen, 
deaerated water is very desirable for feeding a steam heating boiler. In systems 
where the hot condensate is returned to the boiler any oxygen which has been 
picked up may be removed by passing the condensate, with any make-up re- 
quired, through an iron filter. This will protect the boiler and the steam system 
to a large extent, or the condensate from the system may be discharged into a 
deaerator when one is available. 


Carbon dioxide is also generated in steam boilers by the decomposition of 
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Fic. 3. RATE OF CONVERSION oF SopruM Car- 
BONATE TO Sopium HypROXIDE IN STEAM 
BoILeRs 


sodium carbonate (soda ash), which is commonly added to feed water for the 
removal of scale-forming matter. The influence of pressure conditions on the 
rate of decomposition of sodium carbonate has been determined by R. E. Hall 
and the author and is charted in Fig.3. Thereactionis: Na,CO;+ H,0 + heat= 
2NaOH + CO. e 

Evidently the use of soda ash may be a serious source of contamination of 
steam in boilers operating at more than 5 pounds pressure, but below this pressure 
the rate of decomposition is very slow. The operating conditions governing this 
important reaction form a convenient basis for classification of steam systems with 
respect to boiler water treatment. 


High Pressure Systems 

Treatment of boiler water to secure pure steam from boilers carrying over 
5 lb. pressure should take into account the dissociation of soda ash. This sub- 
ject involves a discussion of the chemistry of boiler water treatment and is of 
particular concern to those operating heating plants where the scale forming 
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problem and the production of pure steam have to be considered together in 
selecting a suitable system of boiler water treatment. It is not the intention 
to discuss this phase of the subject in detail here but those interested will find 
further discussion in the references given.? The main point to be kept in mind 
in treating boiler feed water for high pressure steam plants to prevent acidity of 
the steam is to avoid the presence of an excess of sodium carbonate in the feed 
water. 


Treatment of the water external to the boiler is preferable. If a zeolite softening 
process is used, most of the sodium bicarbonate formed should be broken up by 
the addition of sulphuric or phosphoric acid followed by removal of the free CO, 
in a degasifier.* The latter type of apparatus or a well-vented open heater 
operating at 210 deg. fahr. should be used wherever possible for the removal 


TaBLe 1. Soiusmiry oF CaLcrum HyDROXIDE AT VARIOUS "TEMPERATURES 


Ca(OH):, Parts per 
Deg. Cent. Deg. Fahr. Million 

0 32 1729 
20 68 1623 
40 104 1373 
60 140 1135 
80 176 884 
95 203 765 
120 248 409 
150 302 224 
190 374 111 


of excess oxygen and carbon dioxide. Where the free oxygen is reduced below 
0.03 cc. per liter, a certain amount of carbon dioxide acidity in the steam may be 
tolerated. 

When the soda-lime process is used, the smallest excess of soda ash should 
be added. It is a difficult problem at present to reduce scale-forming sulphates to 
a minimum without having a certain excess of soda ash in the water, but this can 
be reduced by substituting sodium aluminite for part of the sodium carbonate. 
When the water carries only temporary hardness (due to bicarbonates of calcium 
or magnesium), calcium hydroxide (hydrated lime), with a small amount of a co- 
agulant where necessary to assist in flocculation, are the only chemical reagents 
required. The solubility of calcium hydroxide decreases as the temperature rises, 
as shown in Table 1. 


When there is very little permanent hardness (CaSO4) in the water and no means 
available for external treatment, an excess of calcium hydroxide may be carried 
in steam heating boilers to fix any free carbon dioxide introduced with the feed 
water over a considerable period. At any rate the concentration should be well 
within that required to give a saturated solution. 


* Bulletin No, 24, Carnegie Institute of Tahoe “A Physico-Chemical Study of Scale 
Formation and Boiler- Water + ng eel Hall, aed w. Smith, H. A. Jackson, J. A. Robb, 
H. 8. rch and E. A. eri wm 3 and Prevention,” by F. N. Speller (McGraw-Hili 
Co., 1926) Chapters XI and X 
“Zeolite Water Woocmene in a Large Central Heating Plant,” iy Sa H. White, J. H. Walker, 
Se. Partridge i L. F. Collins, Presented before the American Water Works Association, June 6-11, 
cago, 
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Barium hydroxide may be used to reduce scale and fix carbon dioxide in boiler 
water where there is no danger of the steam coming in contact with food. Barium 
salts are very efficient but are poisonous and relatively expensive. 


The exact treatment required varies, of course, with the composition of the 
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Fic, 4. RATE oF CONVERSION OF SopIuM CARBONATE TO SODIUM 
HYDROXIDE IN STEAM BOILERS 


water supply and the results of treatment depend largely on proper control; hence 
it is desirable that such treatment be carried out under the direction of a competent 
industrial water chemist. In no case, however, should excess soda ash in any form 
be used in high pressure heating boilers. Many of the boiler water compounds on 
the market contain large amounts of sodium carbonate. 

Where water treatment cannot be applied economically, a light paraffine base 
engine oil may be added to the steam through a sight feed lubricant attached to 
a vertical line arranged so that the oil will drop on to a baffle plate suspended 
horizontally below the oil inlet to assist in atomizing the oil. It has often been 
observed that steam return lines in systems using exhaust steam from recipro- 
cating engines rarely show serious corrosion, apparently due to the protective 
effect of a film of heavy hydrocarbon compounds deposited on the inside of the 
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pipe. Oiled steam has also been used successfully to protect the interior of a steam 
turbine from corrosion in a case where the machine was used intermittently. 


Low Pressure Systems 


With proper installation and with well-regulated operating conditions, there 
should be little trouble due to corrosion in systems where the steam is generated 
at less than 5 lb. and where the condensate is returned to the boiler, except where 
the water carries over 2 or 3 grains per gallon of bicarbonates. Bicarbonates will 
be decomposed slowly at these boiler temperatures and a small amount of acidity 
in the steam will result, but much of the corrosion in such systems will probably 
be due to oxygen drawn in through leaks and in the make-up water Under these 
conditions caustic soda may be added to the boiler water to combine with any 
free or half-bound carbonic acid to form carbonate of soda, which is fairly stable 
at tiuese temperatures, in the presence of an excess of caustic alkalinity. 


The boiler water (according to the practice suggested in the A.S.M.E£. Rules 
for the Care of Power Boilers, p. 81) should carry sulphates at least equal in amount 
to the alkalinity to guard against caustic embrittlement. There does not ap- 
pear to be any evidence that this trouble occurs in low pressure boilers, but it is 
well to observe this precaution in using caustic soda, and where necessary, add 
for this purpose sufficient sodium sulphate to comply with this recommendation. 
The most convenient procedure in using this compound would probably be to add 
an excess of about 100 p.p.m. to the water in the boiler initially and more when 
the water fails to show a strong pink color when tested with a phenolphthalein 
indicator.‘ Flake caustic should be dissolved in hot water and added as needed. 
The interval between treatments depends, of course, mainly upon the amount of 
blow-down and this should usually be kept at the least amount necessary to dis- 
charge sludge. One full opening and closing of the blow-off valve per day is usually 
sufficient. Those in charge should understand that every gallon of raw water 
added to the boiler carries in with it more oxygen and carbonic acid. Considerable 
damage has resulted by unnecessary addition of raw feed water caused by ex- 
cessive blowing down or leakage around the blow-off valve. In larger systems it 
would probably pay to meter the make-up water. 

A series of tests made at the National Tube Company Research Laboratory, 
using a small boiler operating at from 2 to 5 pounds pressure, indicate that the 
CO, in the condensate may be kept under 3 p.p.m. (pH 6.8) by maintaining a 
ratio of hydroxide to carbonate alkalinity of 2'/; to 1. The CO, might be per- 
mitted to run somewhat above this without serious effects if the dissolved oxygen 
is kept relatively low. There is at present a lack of information on the effect of 
various proportions of CO, and free oxygen on the rate of corrosion in distilled water. 
Any boiler water treatments should, of course, be tested out under working con- 
ditions in order to determine the proper limits of treatment and means of control 
to obtain the best results. 


The carbonate of soda may continually increase and finally reach the point 
perhaps where too much caustic will be needed to prevent dissociation unless 
the blow-down is increased or the water changed. 


4 The nds of caustic soda t excess of 100 in boiler = of water 
im boller 30 ernie cal, CatHOOne 5e BaOOOT Stee fuel: hag ctoOue 8 O.000148)] XE a 
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The return water may carry a considerable amount of free oxygen (2 and 3 
ec. per liter). As pointed out before, this may be prevented from entering the 
boiler by passing the hot condensate through a filter made of steel scrap. A 
suitable grade of ribbon-shaped scrap steel turnings broken up for this purpose is 
now available for use in deactivators for hot water supplies and would probably 
also serve this purpose. This kind of scrap has been used for two years without 
caking or obstructing the flow. It is easy to build or procure a tank so designed 
that this material may readily be added and removed. 

As calcium carbonate is slowly dissociated at high boiler temperatures it is 
probably impractical to secure steam entirely free from carbon dioxide when any 
residual carbonates are present in the boiler water. 

Extra heavy pipe is commonly used for returns and all radiator nipples. 

In all new systems it is recommended that a short test pipe be installed on a 
by-pass at some convenient and vulnerable point so that the action of the steam 
may be detected before serious damage or leakage occurs. It would be well to 
have a good industrial water chemist check the water treatment by analysis of the 
boiler water and steam at intervals, at least until the right amount and period 
treatment and blow-down is established. This should not take much time nor run 
into considerable expense as one man could attend to quite a large number of plants 
after the system of testing has been properly established. 


Summary 


1. Corrosion in steam heating systems is confined mainly to the returns and 
varies widely in different localities and sometimes in the same locality, due to 
variations in the water and in operating conditions. 

2. There does not seem to be any necessity to use a more costly material for 
piping than wrought iron or steel, between which long experience indicates no 
material difference in durability when used for this purpose. 

3. The amount of dissolved oxygen and carbon dioxide present determines 
the extent of corrosion. The carbon dioxide should be low, especially when any 
considerable amount of oxygen is present. 

4. The carbon dioxide in the condensate comes mostly from the dissociation of 
bicarbonates or carbonates in the boiler. For this reason sodium carbonate should 
not be used for internal treatment of water in heating boilers. 

5. In high pressure plants the water should be pretreated to remove free 
and half-bound CO, and scale-forming matter without leaving more than a slight 
excess of sodium carbonate. The water should be thoroughly deaerated before 
entering the boiler. 

6. In low pressure steam boilers (less than 5 lb. pressure) where corrosion 
occurs in the returns, an excess of caustic soda with an equal amount of sodium 
sulphate should be maintained in the boiler water. The hydroxy] alkalinity should 
be at least twice the carbonate alkalinity. This may be controlled by testing 
samples of boiler water and the condensate. 

7. All returns should be sealed, and every precaution taken to prevent unneces- 
sary leakage of air into the system. Oiling the steam will afford substantial pro- 
tection to steam piping. 
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APPENDIX 


A series of tests were recently carried out in the Department of Metallurgy and 
Research of National Tube Co., by F. N. Speller and R. R. Kylander, using a small 
experimental steam boiler, to determine the acidity of the condensed steam with 
and without boiler water treatment. A prepared feed water was used containing 
calcium bicarbonate. The treatment consisted in adding excess of hydroxide 
alkalinity (NaOH or Ca(OH)-) to retard the distillation of carbonic acid with 
the steam. These tests indicate the necessary hydroxide concentration for this 
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purpose to be a function of the carbonate alkalinity of the boiler water. (See 
Fig. B). 
Description of Boiler and Method of Operation 

The boiler is constructed of 6 in. steel steam pipe heavily flanged and bolted at 
both ends. The necessary fittings include a gauge glass, safety valve, mercury 
pressure gauge and thermometer well. The boiler has a total capacity of 8 liters 
and all tests were made by first filling the boiler with 6 liters of water and making 
up to this level at the end of each hour. 

The first few tests were made at 5 lb. pressure and then repeated at 2lb. Very 
little difference in the results could be noted at these pressures so 2 Ib. was used 
in all the following tests. 

A small steam trap on the '/,in. steam outlet pipe was used to prevent any 
hydroxide being carried over with the steam due to foaming. Tests on the con- 
densate in this trap showed no trace of hydroxide. 

The steam was condensed in a long '/z-in. copper coil. The size and the length 
of this coil insured the solution of all gases in the condensate. 

Samples of boiler water were removed through a valve attached below the gauge 
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. These samples of boiler water were analyzed cold for carbonate and hy- 
droxide by titration with phenolphthalein and methyl orange as indicators. 
Method for Testing Boiler Water in Steam Heating Plants for Alkalinity 

This method suggested by Dr. R. E. Hall makes use of a simple testing cabinet 
for control work in boiler houses. A diagram of this cabinet,* together with direc- 
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tions for its operation, is shown in Fig. C. In this method phenolphthalein indi- 
cator is used to determine both (OH) and (CO;). Thisis an advantage in control 
work for the end point with phenolphthalein is sharp, and the titration can be 
made by an engineer in the boiler room. 

Reading A is obtained by titrating a 100 cc. sample with N/30 HCl using 
phenolphthalein. Reading B (hydroxide alkalinity) is obtained by treating a 
100 ce. sample with 10 cc. of neutral barium chloride solution and then titrating 
with N/30 HCI using phenolphthalein. 

Using this method, B readings should not be less than ‘/; of A readings in order 
to maintain a safe excess of (OH) in the boiler and a low acid content in the steam. 
Method for Determining CO; in Steam Condensate 

The condensate which has been cooled in a long copper coil under pressure, so 


* Cabinet may be obtained from The Hagan Corp., Pittsburgh, Pa. 
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that all gases have been dissolved in it, is collected in an inverted 2-liter flask 
arranged as shown in Fig. D. Frequent shaking of the bottle will dissolve any 
gaseous CO, which may have come over in the first few minutes. It was observed 
during the collection of the samples that no gas was seen to bubble through the 
condensate after the bottle was partly filled. Tests made using a second bottle 
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Parts: A—Funnel. B—Automatic measuring pipette. C—Test- 
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in series filled with Ba(OH), showed that little or no CO, escaped solution in the 
first bottle under the conditions at which most of the tests were made, but on 
distilling bicarbonate water without treatment about 1.5 per cent of the CO, was 
collected in the Ba(OH). when the condensate contained 70 p.p.m. COQ; As 
none of the tests using treated water showed as much as 70 p.p.m. CO, in the con- 
densate, the error due to this method of collecting samples may be considered 
negligible. 

The CO, in the condensate was determined by adding a measured volume of 
N/30 Ba(OH), to a 100 cc. sample of condensate and titrating the excess with 
N/30 HCl using phenolphthalein. 
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DISCUSSION 


J.H. Waker (WriTTEN): Mr. Speller’s paper treats in a comprehensive manner 
the corrosion of heating systems and quite rightly states that there is no necessity 
for the use of more costly materials than iron or steel. This corrosion trouble 
is widespread but in most localities it could hardly be called serious. It can 
probably best be met by improvements in feedwater treatment and in heating 
system design and perhaps by further advances in the manufacture of piping 
materials. 

Carbon dioxide can seldom be completely eliminated from the steam. With a 
water containing calcium and magnesium bicarbonates and treated with zeolite 
the resulting sodium bicarbonate breaks down in the boiler, first to sodium car- 
bonate and then to sodium hydroxide, and sets free a large amount of carbon 
dioxide. Acid treatment of the water, although undertaken for other reasons, 
followed by degasification, will remove some but not all of the carbon dioxide. 
There would be danger of corrosion of the boiler if sufficient acid were used for 
complete removal. In Detroit it was found that with a moderate amount of 
sulphuric acid feed (35 p.p.m.) the carbon dioxide could be reduced to 25 p.p.m. 
It is probable that to avoid all corrosion the carbon dioxide must be reduced to 
a very low point which would not be commercially practicable. 

Nor is it possible to exclude oxygen entirely from an ordinary heating system. 
Whenever heat is shut off, air will naturally enter to take the place of the con- 
densed steam and with the inner surfaces of the radiators and piping bathed with 


condensate, some oxygen must necessarily be absorbed. 

Most complaints due to corrosion are caused, at least in the early stages, by 
the plugging up of the small return pipes with rust rather than to leakage or failure. 
Most of such cases occur in the '/; in. return connections from radiators. A 
constructive step toward the elimination of corrosion trouble would be to use no 
return pipes smaller than */,in. The additional cost would be trifling and would be 
well warranted. 


8. T. Poweii (Written): The paper on the Corrosion of Steam Heating Systems 
by Dr. F. N. Speller is a very excellent discussion on this important subject. The 
author has presented a valuable summary of the most important factors in the 
mechanism of corrosion. His recommended procedure for inhibiting corrosion 
should be of the greatest value to those who are faced with this perplexing 
problem. 

The writer was especially interested in Dr. Speller’s comments on the use of 
sodium aluminate in connection with water treatment. Within recent years there 
has been a very rapid growth in the use of this compound both for the treatment 
of water in chemical softening systems and for direct treatment of water within 
the boilers. Sodium aluminate does not materially reduce the amount of softening 
chemicals employed but rather reduces the hardness resulting from better chemical 
reactions. By the use of this coagulant it is possible to carry higher excesses of 
soda without the danger of carry-over with the steam which so often happens at 
some plants where large excesses of soda are permitted to concentrate in the boiler 
waters. Probably the principal advantage in the use of this coagulant is that it 
reduces the hardness to a lower point than is ordinarily attained in most softening 
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plants. This action thereby decreases the amount of suspended matter in the 
boiler waters. 

Sodium aluminate is now being widely used and has found considerable appli- 
cation in the treatment of waters used in central stations and in locomotive boilers. 
It is of value also in the treatment of water in heating installations since it co- 
agulates the finely divided suspended solids. Sodium aluminate dosage for in- 
ternal treatment is usually regulated by the physical appearance of the sludge. 
This should be in coagulated form and varied in accordance with the amount of 
suspended solids present in the water. The incidental reaction in the use of 
sodium aluminate is the removal of magnesium and to some extent sulphate hard- 
ness. The sulphate hardness is removed by the intermediate reaction of sodium 
aluminate on the bicarbonates for the formation of soda ash which in turn reacts 
with the calcium sulphate. In practically all cases sodium aluminate is used in 
conjunction with other auxiliary chemicals to complete softening. The most 
common softening reagents used in conjunction with this alkaline coagulant are 
caustic soda, soda ash and tri-, di- or mono-sodium phosphate. 

Recent study has indicated that the use of sodium aluminate possesses the 
unusual property of removing silica. The presence of silica in relatively small 
amounts in boiler feed water is highly objectionable since when it concentrates in 
the boiler it may form silicates of calcium or magnesium. These deposits are ex- 
cessively hard, adhere tenaciously to boiler steel and are high heat resisting ma- 
terials. For this reason very small amounts of silicate scale may cause consider- 
able damage to boiler tubes or plates due to overheating of the metal. The value 
of this reagent for the removal of silica, therefore, is of great importance. 

The use of alkaline coagulants as auxiliary treatment to chemical water softening 
offers a very fruitful field of research especially in respect to the removal of silica, 
the inhibition of sulphate scale and the prevention of carry-over from boilers due 
to finely divided suspended solids. 


H. R. Luyn: I think Mr. Speller has given us a very timely warning here, but 
on the last page, in the last paragraph, he recommends oiling the steam to over- 
come part of this trouble. One of the biggest troubles in low-pressure heating 
plants is oil in the steam. It causes a lot of priming and to remove that oil in the 
steam there are any number of boiler compounds on the market which personally 
I have found hard to get out of the boiler after you put them in; that is, to get the 
effect of them out. I would like to ask Mr. Speller if he has had any experiments 
with that. 


F. N. Specter: The suggestion to oil the steam when no other remedy seems 
practical was derived from experience with the use of exhaust steam from steam 
engines. Several buildings that we have examined showed the heating system 
to have been preserved until they changed from their own exhaust steam to steam 
purchased from central heating companies. We found what apparently was a 
paraffin film deposited over the entire interior surface of the return pipe system. 

Of course, excess of oil must be kept out of the boiler. I only referred to the 
use of oil in passing as a fairly effective remedy where for any reason the quality 
of the steam cannot be controlled. We had an interesting experience once in 
the use of oil in steam in stopping the corrosion of a steam turbine during the war. 
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The Duquesne Light Company had a turbine which had given a great deal 
of trouble and they could not replace it readily at that time. It was suggested 
that they add a paraffin oil to the steam and the result was that this turbine ran 
for several years afterward without any further trouble. They had to be careful 
not to get too much paraffin on the blades or casing, but a little attention to regu- 
lation of the oil gave satisfactory results. 





No. 796 


THE TESTING OF LOW PRESSURE STEAM 
HEATING BOILERS 


By L. S. O’Bannon,! Lextineron, Ky. 


NON-MEMBER 


HE purpose of this report is to give the results of a few experiments conducted 
at the University of Kentucky, designed to furnish information bearing on 
several important features of the tentative Code for the Rating of Low Pres- 
sure Solid Fuel Steam Heating Boilers. 
The chief topic of the paper is a comparison of Test Method A and Test Method 
B, alternative methods for measuring the quantity of steam delivered by the boiler. 
Test Method A measures the output of the boiler by delivering the steam to a con-_ 


denser and weighing the condensate. Test Method B measures the water fed 
into the boiler and requires the boiler water level to be the same at the end of the 


test as at the beginning. 


Description of the Boiler Testing Laboratory 


The accompanying diagram of set-up for testing low pressure heating boilers, 
Fig. 1, shows the laboratory equipment assembled for the tests. The layout differs 
in no respect from the usual scheme in any of the essential requirements, but a 
few special features may perhaps justify the following detailed description. 

The floor space occupied is 18 ft. x 67 ft. ‘There is room for 6 boilers on the test 
floor at one time. An induced draft fan connected to an 18-in. tile flue in a trench 
extending the length of the room furnishes the necessary draft. The steam out- 
lets of the boilers are connected to an overhead main, terminating in a condenser 
at one end of the room. The calibrated tanks for measuring feedwater are in the 
opposite end of the room. An instrument panel, or gauge board, hangs from an 
overhead trolley and may be moved from one end of the row of boilers to the other. 
Fixtures are provided for holding it rigidly in place when once moved into position 
for connecting the instruments to the boiler under test. 

Beginning with the feed water system, the source of supply is water from the city 
mains. The water enters the bottom of the measuring tanks, and compresses 
the air in the top of the tanks. The water in one tank is fed to the boiler while 
the other tank is being filled. A system of double valves, with the space between 


1 Associate Professor of Heat Engineering, University of Kentucky. 
Presented at the Annual Meeting of the American Socigty or HRATING AND VENTILATING ENGI- 
NnggRS, New York, N. Y., January, 1938. 
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two adjacent valves relieved to the atmosphere when the valves are closed, pre- 
vents any error which otherwise might occur by water by-passing the tanks through 
leaky valves and getting into the feed line without being measured. 

The temperature of the feed water is recorded by a recording thermometer, 
and a well is provided in the feed water line for a mercury-in-glass thermometer. 
The feed line branches at the boiler; one branch leads directly to the boiler, and 
the other goes to the boiler through an automatic boiler feeder. The automatic 
boiler feeder is superior to hand feed. It continuously maintains a constant water 
level for a given load, and relieves the test crew of the necessity of regulating the 
feed valve. The principal objection to the boiler feeder is that the water level is 
not maintained at the same level for all rates of evaporation. This is not a prac- 
tical disadvantage. It merely causes a departure from the ideal condition of a 
constant water level if the rate of evaporation varies much during the test. 

A differential pressure gauge mounted on the instrument panel records the level 
of the water in the boiler. It shows the fluctuations due to boiling and to priming 
during the test as well as it supplies an impersonal record of the level at the start 
and finish of the test. . 

The steam pressure is read from a mercury manometer at the boiler and is re- 
corded by a recording pressure gauge on the instrument panel. 

The steam leaving the boiler passes through a steam separator and then into 
the steam main. The separator drain is piped to a barrel resting on scales. The 
level of the water in the pocket of the separator is marked on the separator gauge 
glass at the beginning of the test and the water is blown down periodically during 
the test to the original mark and weighed. The pipe, pipe fittings and separator 
are covered from the boiler outlet to a distance several inches beyond the separator. 


There is a drip pocket at the bottom of the riser connection to the steam main. 
The condensate from this drip is let out through a valve into a bucket and weighed. 
The water collected amounts to about 1 Ib. per hour. 


The gate valve in the connection to the steam main is regulated by hand to con- 
trol the boiler steam pressure. 


The steam main is a 4-in. pipe and is not covered. The end of the main branches 
through six 4 in. x 4in. x 1/, in. tees into the six sections of the double pipe condenser. 


The double pipe return bends and tees which constitute essential parts of the 
condenser are the familiar water cooler fittings used largely in refrigeration plants. 
The inside pipe through which the steam and condensate flow is 1'/,-in. brass. 
The outside pipe is 2-in. galvanized wrought iron. The cooling water flows through 
the annular space between the two pipes. The condenser is constructed on the 
counter-flow principle. The cooling water is supplied to each section from a 
2-in. header at the bottom of the condenser, and leaves through a 2-in. header at the 
top. The condensate is collected in a 2-in. header which is vented to the atmos- 
phere. The water is drained from the header through a 2-in. vertical pipe, in the 
bottom of which is a small orifice. A water gauge shows the height of water above 
the orifice. The maximum range of head on the orifice is 40 in. of water. Dif- 
ferent size orifices are provided for different rates of evaporation. The head on 
the orifice is recorded continuously by a recording pressure gauge mounted on the 
instrument panel. The rate of flow being proportional to the square root of the 
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head on the orifice, changes in the rate of evaporation may be noted at any instant. 
The condensate leaving the orifice is caught in a funnel and delivered through 
directing valves to either one or the other of two tanks mounted on platform scales. 
There is a small gauge panel near the condenser on which are mounted indicating 
thermometers for the cooling water in and out, and also a two-pen recording ther- 
mometer which registers the outside temperature and the room temperature. The 
amount of cooling water used is regulated to keep the condensate temperature 
down to about 100 deg. fahr. A continuous record of the condensate temperature 
is also obtained by means of a recording thermometer. 

The double pipe type of condenser was selected in order to eliminate the neces- 
sity of running leakage tests before each official boiler test, as would be required 
if the ordinary type of surface condenser were used. There is not a test code in 
existence that does not demand a condenser leakage test to be made preceding 
the test of the main equipment when the weight of the condensate from the con- 
denser is one of the important items to be determined. It is impossible to test 
the condenser under the same temperature conditions as prevail during its use. 
Exceptionally high efficiencies usually receive much publicity and at the same time 
are subject to a good share of suspicion. It is the opinion of the writer that a 
test conducted by Test Method A, where the bare possibility of condenser leakage 
is an uncertain factor, is entitled to no greater confidence than a test conducted by 
Test Method B except in one particular, and that is, condenser leakage may occur 
honestly without being detected, while on the other hand by Test Method B an 
apparent increase in evaporation may result from careless manipulation of the feed 
valve. The writer would as soon abide in the judgment of the test crew in esti- 
mating the level of the water in the boiler as to rely upon their ability to ascertain 
the tightness of a surface condenser. It is to be admitted that in general surface 
condenser leakage is of little consequence; that is to say, as a rule surface condens- 
ers are tight. No one will question average results. It is in the exceptional 
case that extreme precaution must prevail. 

The double pipe condenser answers every argument from this point of view. 
There are no joints between the cooling water space and the steam space. The 
double pipe condenser is not offered as the ideal condenser. It occupies consider- 
able space and is not easily moved from one location to another. It would not be 
difficult to modify the ordinary type of surface condenser to conform to the prin- 
ciple of no joints between water space and steam space. 

Returning to the description of the laboratory, the coal is weighed in a box of 
about 1000-lb. capacity resting on platform scales. The coal is fired directly from 
this box into the furnace. A time-and-motion recorder keeps account of the open- 
ing and closing of the fire doors. The frequency of attention required by the fire 
through the fire door is automatically registered as the test proceeds. 

Three inclined tube draft gauges mounted on the instrument board give the 
draft in the ashpit, the furnace draft and the draft in the flue. The intensity of 
the flue draft is also continuously traced on the chart of a recording gauge. 

A recording pyrometer with a range of 0 to 1500 deg. fahr. using iron-constantan 
thermocouples of No. 14 B & S gauge wire is used for measuring the flue gas tem- 
perature. A combined carbon dioxide and carbon monoxide recorder is used in 
addition to the Orsat gas analyzer. A differential pressure recorder connected 
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across an orifice in the flue furnishes information concerning the rate of flow of 
gases. The draft is regulated by varying a resistance in the main flue leading to 
the fan. The usual line of laboratory apparatus is available for special tests and 
for calibrating instruments. 

The writer is thoroughly acquainted with the general sentiment with respect 
to the reliability of recording instruments. ill test results are calculated from the 
readings of the simple basic measuring instruments required by all codes. The 
recording gauges are valuable in making it easy to correlate the many variables 
which constantly influence the performance of the boiler. The continuous records 
assist the test crew to establish desired conditions and furnish clues leading to the 
explanation of unusual or disproportionate results. The chart records are valuable 
for supplying a picture of operating conditions to interested persons not witnessing 
the actual tests. 

While the somewhat complete autographic features of the laboratory stand out 
in the foregoing description, it should be pointed out that no elaborate array of 
apparatus or special devices can compensate for poor management or unskillful 
supervision of tests. 

Familiarity with basic principles, experimental technique, and a proper recog- 
nition and appraisal of values are of prime importance. 

The University of Kentucky has always had facilities for testing low pressure 
boilers, but only recently has their interest in this phase of thermal research be- 
come intensified. On account of the limited time available for preparation and 
experimental work between the time a study of the boiler code was first contem- 
plated and the time of preparing this report, only relatively simple experiments 
have been attempted. The following therefore is offered to the Society for dis- 
cussion in anticipation of the time when the equipment described may be produc- 
tive of more comprehensive results. 


Comparison of Test Method A and Test Method B 


Table 1 has been prepared to show the results of a test to compare the calibrated 
tank method and the condenser method. It is assumed that the measurement 
of water by means of tanks calibrated at a known water temperature is equivalent 
to the measurement of water at the same temperature by direct weighing. The 
scales on the tank water gauges were graduated after several calibrations at dif- 
ferent times by two independent observers. Two different weighing scales pre- 
viously checked by standard weights were used. The tanks are ordinary 14 in. 
x 60 in. domestic water boilers. Each tank when operated to the capacity of the 
graduated scales will furnish 230 lb. of water with each emptying. The distance 
between 1-lb. graduations on the tank scales is approximately 0.18 in. The length 
of a 1-lb. division on the beams of the platform scales used for weighing condensate 
is approximately 0.07 in. It is possible to estimate fractions of a pound in reading 
the graduated scales on the measuring tanks to a greater degree of accuracy than 
it is possible to obtain by estimating fractions of a pound on the condensate scales. 

The steam heating boiler used in the test has a water capacity of 1150 lb. up to 
the normal water line. One inch difference in level near the normal water line 
amounts to 90 Ib. These weights are for water at 220 deg. fahr. 


The duration of the test was 10 hr., starting at 10:10 a.m. after the boiler 
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had been steaming for nearly an hour. Fig. 2 is a graphic log of the operating con- 
ditions during the test. Table 1 gives the accumulated total weight of condensate 
and feed water, that is, the output by Test Methods A and B, respectively, for each 
ten-minute interval of the test. The difference in weight by the two methods 
is shown, and also the height of the water level in inches above or below the water 
level at the start of the test. The water levels were read from a scale attached to 
the gauge glass on the water column. 

It is interesting to note the uniform correlation of high and low water level with 
high and low tank weight. 

The graphic log shows that from the beginning of the test until 6:00 p.m. the 
average rate of evaporation was fairly uniform. If in the table the apparent 
error or difference between tank weight and condenser weight at the times when 
the water level was observed to be the same as at the beginning of the test is noted, 
it is found that at 2:50 p.m. the tank weight was 26.5 lb. high; at 3:40, 7 lb. low; at 
3:50, 6 Ib. low; at 4:30, 2.5 Ib. high; at 4:50, 6.5 lb. low. If it is assumed that the 
condenser weight is correct, and that the test might have terminated at any one 
of those times when the water level was the same as at the beginning of the test, the 
percentages of error for Test Method B for the above values are, respectively, 0.63, 
0.14, 0.12, 0.04 and 0.01 per cent. These errors are well within the limit required. 
With Test Method B it would have been improper to have stopped the test at the 
end of any other period than those considered. 


At six o’clock the test crew had instructions to gradually decrease the load on 
the boiler until the flue gas temperature had dropped to 500 deg. fahr. It might 
be well to add here that the draft was kept practically constant during the major 
part of the test, and the fireman had instructions to maintain a flue gas temperature 
around 950 deg. fahr. by firing as often as necessary and by giving the fire what- 
ever attention was required. 


Referring to Table 1 and to Fig. 2, it will be noticed that toward the end of the 
test as the evaporation was falling off the boiler level was high and the tank weight 
was low. The condenser was getting more steam than could be accounted for by 
the tank weight and water level in the boiler. This was explained by assuming 
that at the beginning af the test the average water level was considerably higher 
than that indicated by the gauge glass, on account of water being banked up in 
the rear of the boiler in the direction of flow toward the steam outlets due to the 
higher rate of evaporation. At the end of the test when the evaporation was rela- 
tively low this water settled down and increased the apparent water level as indi- 
cated by the gauge glass. If 25 lb. of water additional had been supplied to the 
water in the boiler near the end of the test, the tank weight and condenser weight 
would have been the same, but the water level would have been about 1.3 in. 
higher that at the beginning of the test. Considering the low rate of evaporation 
at the end of the test we may assume that the surface of the water in the boiler 
at this time was nearly level. If a uniform upward slope of the water surface from 
front to rear at the beginning of the test is assumed, the level of the water in the 
rear of the boiler would have to be 2.6 in. higher than the level at the front of the 
boiler in order to account for a mean level of 1.3 in. That this is quite possible 
was demonstrated later by putting two extra water gauges on the boiler; one near 
the middle of one side, and one at the rear of the boiler. The regular gauge was 








Testinc or Low Pressure Steam Heatine Borers, L. 8. O'Bannon 215 


TaBLe 1. Torat WEIGHT OF WATER 


Amount Amount Boiler 





Tank Tank Water Level 
Calibrated By Conden- Weight Weight Inches Inches 
Time ‘anks ser Is High IsLow High Low 
10:10 a.m. 0 0 0 
20 155 155.5 0.5 0.0 0.0 
30 301 304.0 3.0 0.25 
40 497 440.5 56.5 0.10 
50 662 613.0 49.0 0.10 
11:00 a.m 779 772.5 6.5 0.75 ; 
10 933.5 927.0 6.5 0.10 i 
20 1068.5 1066.5 2.0 0.60 ' 
30 1228.5 1221.0 7.5 0.50 j 
40 1394.5 1347.5 47.0 0.60 } 
50 1516.0 1508.0 8.0 0.60 ; 
12:00 p.m 1669.5 1659.5 10.0 0.30 i 
10 1816.0 1810.0 6.0 0.30 
20 1955.5 1949.5 6.0 0.40 i 
30 2089 .0 2089 .O 0.0 0.70 ; 
40 2224.5 2214.5 10.0 0.20 i 
50 2355.5 2364.0 8.5 0.50 j 
1:00 p.m 2446.5 2525.5 79.0 0.70 
10 2544.5 2680.5 136.0 1.90 
20 2682 .0 2821.0 139.0 1.50 i 
30 2874.5 2975.5 101.0 1.00 i 
40 3059.5 3122.0 62.5 0.50 / 
50 3221.0 3276.5 55.5 0.75 i 
2:00 p.m 3436.0 3438.0 2.0 0.70 
10 3603 .5 3591.5 12.0 1.00 ; 
20 3744.5 3738.0 6.5 0.40 ; 
30 3900.5 3906.5 6.0 0.40 / 
40 3909.0 4083 .5 174.5 1.60 ; 
50 4253 .5 4227 .0 26.5 0.00 0.00 i 
3:00 p.m 4371.5 4383 .5 12.0 0.60 
10 4547 .0 4541.0 6.0 0.30 
20 4705.0 4714.5 9.5 
30 4872.0 4866 .0 6.0 0.25 
40 5019.5 5026.5 7.0 0.00 0.00 
50 5180.0 5186.0 6.0 0.00 0.00 
4:00 p.m 5325.5 5329.5 4.0 0.50 
10 5464.0 5456.0 8.0 0.40 
20 5614.0 5615.5 1.0 0.40 
30 5763.5 5761.0 2.5 0.00 0.00 
40 5925.5 5940.5 15.0 0.20 / 
50 6094.5 6101.0 6.5 0.00 0.00 
5:00 p.m 6256 .0 6248.5 7.5 1.00 
10 6413.0 6397 .0 16.0 0.70 
20 6549.5 6555.5 6.0 0.30 
30 6662 .0 6735 .0 73.0 0.70 
40 6813.5 6877 .5 64.0 0.70 
50 7004.5 7064.0 59.5 1.00 
6:00 p.m 7223.0 7220.5 2.5 0.10 
10 7397.5 7366.0 31.5 0.00 0.00 
20 7541.0 7499 .0 42.0 0.75 | 
30 7664.5 7613.0 51.5 1.25 
40 7740.0 7736.0 4:0 0.60 
50 7794.5 7861.5 67.0 0.50 
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Amount Amount 
an Tank Boiler Water Level 
Calibrated By Conden- Weight Weight Inches Inches 


Time Tanks ser Is High Is Low High Low 
7:00 P.M. 7908.5 7972.0 63.5 0.10 
10 8042.0 8056.5 14.5 0.00 0.00 
20 8151.0 8167.0 16.0 0.40 
30 8250.5 8264.5 14.0 0.60 
40 8352.5 8372.0 19.5 0.80° 
50 8430.5 8446.5 16.0 1.00 
8:00 P.M 8506.5 8519.0 12.5 1.00 
10 8582.0 8598.5 16.5 1.00 
20 8649.0 8664.0 15.0 1.00 
30 8707.0 8722.0 15.0 1.00 
40 8750.0 8775.0 25.0 1.00 


at the front of the boiler. When the boiler was forced to the priming point the 
middle gauge showed a level 1.5 in. higher than the front gauge, and the rear gauge 
showed a fluctuating level from 4 to 6 in. higher than the front gauge. Propor- 
tionately smaller differences in level were observed at lower rates of evaporation. 

If we attempt to correct the tank weights in Table 1 for the observed difference 
in water level at the end of any period and compare this weight with the condenser 
weight the results will not be satisfactory for the reason that the gauge glass read- 
ings do not give the true height of the water level in the boiler. This correction 
can rightly be applied only when the rate of evaporation is the same as at the be- 
ginning of the test. The amount of water accumulating in the rear end of the boiler 
will vary also with the height of water in the boiler, and of course, from this stand- 
point the correction is never valid since it can be applied only when conditions 
are the same as at the beginning of the test, in which case no correction is needed. 

The question naturally arises as to how near the tank weight and condenser 
weight would check if both methods were used to weigh the same volume of water. 


TABLE 2. Tora WEIGHT OF WATER 
Amount Amount 
‘ank Tank 


T 

Calibrated By Weight Weight 
Time Tanks Condenser Is High Is Low 
2:20 0 0 0 0 
2:30 220.5 132.5 88.0 
2:40 396.5 329.0 67.5 
2:50 590.0 523.0 67.0 
3:00 786.0 719.5 66.5 
3:10 978.5 912.0 66.5 
3:20 1166.5 1100.5 66.0 
3:30 1364.0 1299.5 64.5 
3:40 1551.5 1486.5 65.0 
3:50 1739.0 1674.0 65.0 
4:00 1739.0 1742.5 3.5 


To try this, water was allowed to flood the whole system and overflow through the 
condenser. The supply valve was then closed and the condenser was allowed to 
drain until the flow of water ceased. The supply valve was then opened and the 
water was measured by both methods for 1 hr. and 40 minutes. At the end of 
the test the condenser was allowed to drain in the same manner as at the beginning 
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of the test. Table 2 gives a summary of the data of this test. The tank weight 
was 3.5 lb. low or approximately 0.2 of one per cent. During the test the two ob- 
servers made 40 readings so that the difference in weight amounts to less than 0.1 
Ib. per reading. Since all readings were recorded to the nearest one-half pound 
it is probable that the 3.5 lb. difference represents the accumulated errors of obser- 
vation. If the same error accumulated every hour during the ten-hour test de- 
scribed above the difference in weight from this cause would have been approxi- 
mately 26 lb. 

The amount of the tank weight was high during the test shown in Table 2, repre- 
sents the maximum possible variation from the true evaporation that might re- 
sult from a maximum difference in rate of evaporation at the start and finish of 
a test. This weight which varied in the test from 64 to 88 lb. is the amount of 
water required to fill the pipes of the condenser to a depth necessary to maintain 
a rate of flow of approximately 1300 Ib. per hour. If the rate of evaporation is 
maintained practically constant during the entire test, or if the conditions of stop- 
ping are the same as at starting there can be no error from this source. 

This shows the importance of using a condenser which allows the condensate 
to flow quickly to the weighing tanks without a large difference in accumulation 
of water for different rates of flow. By large difference in accumulation is meant 
an amount which will affect the results beyond the limits of accuracy desired. 

The condenser weights in Table 1 vary from the true evaporation by small 
amounts due to the various amounts of water held in the condenser at the dif- 
ferent rates of flow existing at the end of the ten-minute intervals. 

It seems that the writer has used an unnecessary amount of space to expound 
upon the principle so simply expressed by the relation B—X = A. However, there 
seems to be a genuine difference of opinion as to the magnitude of the unknown 
quantity and it is hoped that the data supplied may furnish a tangible basis for 
a common understanding among the partisan advocates of the alternative methods. 
Others may find material to substantiate their neutrality. 


Manipulation of Feed Valve . 


The chart in Fig. 3 gives a record of the boiler water level for the test illustrated 
in Fig. 2. 

During the test several attempts were made to produce an exaggerated error 
in the boiler output by increasing the feed water without causing an increase in 
the apparent level of the water as indicated by the gauge glass. The results were 
negative as no water was added in quantities sufficient to cause an appreciable 
error that was not apparent by an increasing level in the glass. 

The failure of this experiment was attributed to the sloping water surface in 
the boiler. Because when the feed water was introduced in abnormal quantities 
the evaporation decreased at the same time which permitted some of the water 
in the rear of the boiler to flow toward the front thus increasing the height of water 
in the glass and neutralizing the settling down effect of the cold feed water. 


Relation between Flue Gas Temperature and Rate of Evaporation 


The curve in Fig. 4 shows the relation between flue gas temperature and rate 
of evaporation for the test boiler. The curve is based onthe last. few hours of the 
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test illustrated in Fig. 2. The straight line drawn through the points makes the 
algebraic sum of the distances from the points to the line a minimum. The line 
intersects the temperature scale at 294 deg. fahr. The line intersects 700 deg. 
fahr. at 586 Ib. per hr., and 730 deg. fahr. at 630 Ib. per hr. If the 630 Ib. per hr. 
were corrected to 700 deg. fahr. according to the formula given in the code, the 
evaporation at this temperature would be 596 Ib. per hr.. Compared to the point 
on the curve which is at 586 Ib. per hr. the difference amounts to 1.7 per cent. 


Interval between Readings 


In an attempt to show how widely the computed average of flue gas temperatures 
taken at different intervals may vary, the temperature was read every five minutes 
from the flue gas temperature chart, Curve A, Fig. 2, and the average temperature 
computed as follows: 


Interval between Readings, Average RS oe ey 
Minutes Deg. Fahr. 
5 869.2 
10 865.9 
15 872.6 
20 872.8 


The differences are small in this case but the writer believes that mere chance of 
greater differences occurring precludes the recording of test data at intervals longer 
than 10 minutes. 


Limitation of Moisture Content 


The boiler used in these tests delivers steam with less than '/2 of one per cent 
moisture at all rates of evaporation up to the priming point. The percentage of 
moisture was obtained from the gross weight of water collected in the separator 
with no corrections for radiation or separator efficiency. 

Using the automatic boiler feeder, which allows the water level in the boiler to 
fall below the normal water line with increasing evaporation, the boiler starts to 
prime when the flue gas temperature reaches 1200 deg. fahr., corresponding to an 
evaporation of approximately 1300 lb. per hour. 

During one test the boiler was operated over a period of 1 hr. with the flue gas tem- 
perature reaching high peaks between 1200 deg. fahr. and 1290 deg. fahr. immedi- 
ately after stoking the fire, which occurred about once every 10 minutes. As the 
higher temperatures were reached water would rise in the separator pocket very 
rapidly. Sometimes at a uniform rate over a period of 20 or 30 seconds with a total 
collection of 3 or 4 Ib., but more often the water would come over in intermittent, 
disconnected slugs, filling the separator completely in 1 or 2 seconds with quanti- 
ties of water equal to a gallon or more. 

If the quality of the steam were determined at the instant when the priming 
occurred the figure would be much closer to zero than to 100 per cent. It is ob- 
vious that the boiler could not operate continuously in this manner. The prim- 
ing would necessarily occur intermittently so that when the weight of the separator 
water was spread over a ten-minute period the average moisture never exceeded 
7 per cent. The percentage of moisture calculated for an extended period, there- 
fore, does not necessarily indicate the degree of priming although the percentage 
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so calculated may be an objectionable quantity, and may in itself indicate that for 
a given boiler priming has occurred. 

The 2 per cent moisture limitation specified in the code is desirable since it speci- 
fies a reasonable limit to the moisture content of wet steam. Also it may be a fact 
of general experience that boilers must prime in order to deliver steam with a mois- 
ture content exceeding 2 per cent. Again, if priming means the delivery of wet 
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Fic. 3. CHART FROM RECORDING Bor.eR WaTER LEVEL GAUGE 


steam with a certain quality, then priming may be defined in terms of an arbitrary 
percentage value. 

On the other hand, if priming is the carrying over of entrained moisture in a 
more or less violent manner, in intermittent, disconnected slugs and chugs, then 
let priming be defined in such homely language, and be recorded simply as a matter 
of fact as indicated by rapid accumulation of water in the separator. Such a con- 























Test1nc or Low Pressure Steam Heatine Borers, L. 8. O’BANNON 221 


ception of priming has its parallel in the power plant field, where the observation 
and evaluation of priming is concretely exemplified by gathering up the pieces of 
a broken cylinder head. 

It is the opinion of the writer that the 2 per cent moisture specification should 
stand as a limitation to the quality of wet steam; and since it should be required 
that the boiler be operated below the priming point during any test, it is sufficient 





Fic. 4. RELATION BETWEEN FiugE Gas TEMPERATURE AND RATE 
oF EVAPORATION 


to know when priming occurs without adding confusion or misconception by attempt- 
ing to define priming in mathematical terms. 


Duration of Test 

The writer approves the recommendation of the Code Committee that the length 
of output tests without the determination of efficiency be such as may be included 
in an eight-hour working day. By allowing 3 br. for starting, 1 hr. for stopping 
and running through the noon hour, the laboratory has had no difficulty in making 
five-hour tests during an eight-hour day. 

In efficiency tests the greatest source of error is in estimating the thickness of 
the fuel bed at the beginning and end of the test. The following table shows the 
allowable error in estimating the thickness of the fuel bed for the test boiler under 
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consideration in order to insure a minimum error of 2 per cent in the test results 
with the boiler operating approximately at catalogue rating. 


Duration of Test Allowable Error in Inches 
Hours Thickness of Fuel Bed 
8 0.41 
12 0.59 
16 0.79 
20 0.97 
24 1.19 


The figures are based on the volume of fresh fuel and no allowances have been 
made for coking or distillation of volatile ‘matter. 

In comparing the accuracy of measurement of coal with the accuracy of measure- 
ment of feed water it should be remembered that an error of 15 lb. of coal (one 
shovelful) is equivalent to an error-of 100 to ate Ib. of water depending upon the 
efficiency of the boiler. ts Se : as 
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DISCUSSION 


F. C. Hoventen: At the Semi-Annual Meeting of the Society in 1927 the 
Research Laboratory announced the policy of carrying on research cooperatively 
with different universities, and at that meeting an agreement was entered into 
with the University of Kentucky. In December, Mr. Lewis, chairman of the 
Research Committee, and the writer, went to Kentucky and saw what they were 
doing and now we have this paper. They are setting a pace at the University of 
Kentucky that will be hard for us to keep up with. 

This paper is very timely for during the past year the question of boiler output 
and boiler rating has been one of paramount interest to Society members and the 
heating industry generally. The Society has a Committee on Boiler Rating, of 
which I am a member. Speaking for the Laboratory and influenced by my indi- 
vidual connection with the Committee on Rating Boilers, I find a good deal in 
this paper which should be helpful to the Committee in straightening out some of 
the doubtful questions it has had to contend with. In former codes for testing 
boilers we have weighed the feed water put into the boiler in order to determine 
the rate of evaporation. A new idea brought into the field and mentioned by 
Dr. Brabbée in his paper at an earlier meeting of the Society is that of using a 
condenser. The Committee on Rating Boilers is trying to develop a shorter test 
code and in so doing has found that a shorter test could be specified if the condenser 
method of determining the rate of evaporation was used. The work at the Univer- 
sity of Kentucky in cooperation with the Research Laboratory of the A.S.H.& 
V.E. as indicated in this paper gives data on this subject. It gives a comparison 
between determining rate of evaporation by the condenser method and by weigh- 
ing the feed water. 
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The paper gives information on the length of test necessary for determining 
maximum output at constant rate of steaming. This is another question on which 
there is no agreement. If the maximum rate.of output, under some condition, is 
the only fact that we want to establish by a boiler test then apparently it is not 
necessary to run an extremely long test. The Committee on Rating had that in 
mind in establishing the shorter test in the code that was presented for your con- 
sideration last summer. Prof. O’Bannon’s work bears out the fact that satis- 
factory information on maximum boiler output can be obtained in a very short 
period of time. 


The relation between output and flue gas temperature is another question that 
has frequently been considered and this paper gives some information on the rela- 
tion between these two factors. 


The relation between moisture content of the steam, rate of steaming and the 
priming point is a question on which apparently few people agree. In fact, you can- 
not get-many people to agree on what priming is. There.are apparently two ideas 
on how priming takes place. - One idea is that as the rate of output of a boiler 
increases the moisture content of the steam gradually increases until finally a slug 
of water goes over. Another belief is that the moisture content of the steam re- 
mains ‘very low until all ofa siidden a slug of water comes over. This paper gives 
some very interesting data on what is taking plade in a boiler just belts and 
during priming. 

Again, the relation between level of water in the boiler and the priming point 
is a doubtful question on which this paper gives much needed information. 


R. V. Frost: I was very much interested in some of the things that Prof. O’Ban- 
non brought out. For instance, he shows that a differential pressure gauge is 
mounted on the instrument panel board to record the level of the water in the 
boiler. You will note where his connections were, just slightly above and below 
the normal water line of the boiler, but he did not state just how the gauge acted; 
whether he got satisfactory results from it. I would like to know just how accu- 
rately it did perform. It is very interesting if it works well, because every one is 
familiar with the performance of the water line of a boiler, how in some boilers 
the emulsion will take place very low down, while in others it is practically on the 
water line, and the result is that the water line lifts with the increase in steaming very 
much more in some boilers than it does in others. Therefore, it is difficult to 
maintain a normal water line under all conditions. 


Then there are some points that he brought out on the graphic log of boiler 
tests. You notice that his stack temperature averages around 900 deg. His high 
temperature is very close to 1100 deg. and his minimum temperature is only 700 
deg. His CO, content averages 10 per cent, the maximum 12 per cent and his 
low point is somewhat under 9. Those who have followed the proposed code of 
the Society recall the limiting conditions of 700 deg. stack temperature and a 
minimum of 12 per cent CO,. Prof. O’Bannon does not give the efficiency of the 
boiler under this test, but it is hardly to be expected that under the result of this 
test the efficiency was very low. One thing that would affect the relationship 
between stack temperature and efficiency would be the character of the boiler, 
the type of boiler. Some boilers will run at a very high efficiency, over 70 per 
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cent, with a stack temperature of 800 deg. and above, while others cannot reach a 
temperature of 700 deg. under any normal draft condition. 

Then in regard to the CO, content, from my own experience I have seen very 
few heating boilers that can reach 12 per cent under normal operating conditions. 
The average seems to be just about as Mr. O’Bannon found, around 10 per cent. 
Very frequently very good results will be obtained with as low as 7 per cent. That 
is with a deep fuel bed, too, which would naturally bring out high CO, content. 
Under those conditions we get a very low CO. Very seldom in a heating boiler 
does the CO content run above one per cent unless it is operated under poor draft 
conditions. 

Anprew Voce : In observing the firing period and also the capacity of the 
boiler, I would say that the firing for this size of boiler was altogether too frequent. 
A boiler having a capacity of only 700 to 900 Ib. of steam per hour should not be 
fired so frequently. A heating plant of that small size would not justify the con- 
stant attention shown by the firing period. I would like to ask the author at what 
capacity he would rate this particular boiler, based on say a 6- or 8-hour firing 


Presipent ANDERSON: In order to make clear the purpose of this paper let 
me tell you that Prof. O’Bannon is a very modest gentleman and he hasn’t told 
all of the story to you. There was an attempt made to set up a boiler testing 
plant, a plant for the testing of low-pressure boilers that would be so elastic as to 
take into consideration every possible variable that could be conceived in the test- 
ing of low-pressure boilers. There is no attempt here to present conclusive evi- 
dence or to analyze now any particular boiler because this laboratory has just 
been completed after a construction period of six months but I suggested to Mr. 
O’Bannon that he might show some preliminary results so as to give an idea as to 
what could be accomplished in a test plant of this kind. 


In the first place this is a laboratory that was constructed entirely for this 
purpose. It was not put in the corner of a previously existing room. It is a 
laboratory that was designed especially for low pressure domestic boiler testing 
with every service facility of which we could think. 

For instance, the condenser is especially designed. It seemed to us that there 
was no condenser that could be purchased that would quite meet the needs. A 
condenser must be tight, of course, and this condenser is designed with all outside 
packed joints so any leak would be detected. It is so designed that any laboratory 
can produce one. This laboratory in all details can be copied. If any one would 
like to duplicate this laboratory, we would be pleased to furnish drawings of the 
condenser and specifications for all other apparatus. 

One of the interesting details about the laboratory, is a track from end to end 
carrying a board large enough to accommodate all the recording instruments. 
There was one prime objective in creating this laboratory, namely, to produce 
an autographic record of what goes on in a low pressure domestic boiler during 
operation: a complete story autographically. That does not mean that observa- 
tions are not taken in the usual way. Observations are taken every 10 minutes 
and the autographic story is to provide a complete check on the readings of test 
assistants. The question of time is an important thing. The time is always 
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standard time, Washington time, and the readings are taken at a certain time 
every 10 minutes by a very carefully arranged automatic device, not depending 
upon human notification of time of readings. That may seem to be of no great 
value at first glance, but we think it is because we can secure from the Weather 
Bureau data in reference to outside weather conditions at any particular time. 
In carrying on investigations of this kind, of course, the outside temperature 
frequently has something to do with the problem. So does barometric conditions 
and all those weather variables that we are accustomed to meet in boiler testing. 

So we have here a boiler testing laboratory that gives an opportunity to carry 
on investigations of any character. We do not expect to rush into print with a 
lot of facts in reference to particular boilers that are under investigation. In 
fact, all work done there is primarily now for the scientist and not for commercial 
purposes. 

An automatic recording flue gas apparatus is pretty reliable, but we do not 
depend upon that. That must be checked up with an Orsat. An Orsat apparatus 
is used to give us what happens, but we found with a new apparatus and a very 
good one that we are getting a very nice check, but an automatic apparatus is very 
likely to get out of order and that is one of the dangers of using them without a 
check analysis, although perhaps the makers of our particular installation of CO 
and CO; apparatus will not agree with this statement. 


This laboratory, then, does not propose at the present time to give any facts 
here that are to be used in deciding anything. 

No two or three men working on a problem can cover the whole situation relative 
to a boiler rating problem. Those gentlemen who have been working on boiler 
testing may be able to suggest other apparatus that will give us valuable informa- 
tion, but as far as we know now, with the exception of giving us a picture of the 
smoke, this laboratory will give us all facts in reference to every variable entering 
into the testing of the low-pressure boilers. 


C. E. Bronson: I would like to ask the author a question with regard to the 
type of CO, recording apparatus used. Misleading results may be obtained when 
a CO, recording meter operating on the electrical conductivity principle is used 
and especially where the boiler under test is being fired with bituminous coal. 
Combustible gases have a different value of conductivity than CO, and if present 
in the escaping gases give a lower reading on the instrument than is obtained by an 
Orsat apparatus. 


Pror. L. 8. O’Bannon: The boiler water level gauge is simply a type of differ- 
ential pressure gauge ordinarily used in connection with venturi tubes and orifices. 
It records the level of the water in the boiler exactly when the boiler is not steaming. 
That is, if you read the water column and read the gauge the readings will corre- 
spond when the water level is steady, but when the boiler is steaming there is a 
fluctuation in the water level and the fluctuations as observed on the glass will be, 
say, one inch above and one inch below, while the corresponding fluctuations on 
the chart will be two-tenths of an inch above and two-tenths of an inch below. 
However, the average weight or head of water in the boiler is recorded on the boiler 
level chart. The mean line of the chart record is equivalent to an observer’s esti- 
mate of the mean level of a fluctuating water column. 
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It would be practically impossible, of course, to have a recording meter which 
would record the sudden and instantaneous fluctuations of the water:as miay~be 
observed ‘on the gauge glass::: I was sceptical of the instrument myself at first but 
after we have used it foma while-I am very much impressed with it and-E think it 
would be worth while for any one doing eee work to have one of these boiler 

water level-meters in his laboratory. a0 nenias 


The relation betweerf fille gas temperature and CO; was’ brought*tup-"’ 1 == 
tests were run with soft coal’ and thé continuous method of firing was'tised./ we 
have never attempted to rate steam heating boilers on a 6-hour or an:@hour or a 
12-hour firing period, using softxeoaly: If we attemptedito rate this boilersay on 
a 4- or 6-hour firing period with’ sdft coal, the ratimg:-would be.low cempared with 
the ordinary method of rating boilers using soft eoal and firing eontintousli: Of 
course, this particular test is not a rating test. Variations in flue gas temperature, : 
evaporation, COQ. and other factors show up whigh would not show up in an ordi- 
nary test. We can watch the flue gas temperature. recorder and obtain ‘by proper , 
manipulation almost a perfect sawtooth curve giving a rise in temperature imme- 
diately after firing, reaching a peak. and gradually falling off as the coal burns out 
and after the next firing the temperature will-rise again, then gradually fall off, 
and so on. . The th = watch the flue-gas temperature chart and maintain 
the curve almost perfectly. If you tell him you want.an average flue-gas tempera- 
ture of 700 deg. at the end of a 24-hour test, he will have not less than 695 and not 
more than 705. 

The CO, meter uses caustic potash as a solution for absorbing the carbon dioxide. 
In selecting this particular CO, recorder we were guided by that principle as much 
as anything else. We have never used an electrical type of CO, recorder and 
know nothing about this type from personal experience. We understand that 
all types of CO, recorders are usually checked against an analyzer, absorbing carbon 
dioxide by means of potassium hydroxide, and so we selected in the first place a 
recording instrument which uses the potassium hydroxide principle of absorption. 
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RELATION BETWEEN OUTPUT AND OPERATING 
CHARACTERISTICS OF LOW-PRESSURE 
STEAM-HEATING BOILERS: 


By P. Nicuouts,? Prrrspures, Pa. 
MEMBER 


Introduction 


HE purpose of this paper is to discuss the relations which exist between 

some of the operating characteristics of low-pressure steam-heating boilers, 

and to give the results of some tests thereon. This investigation was under- 
taken to assist the Committee of the American Society or Heatine anp VEN- 
TILATING ENGINEERS which is drawing up a rating, or performance code for these 
boilers. 

The fact is well known that it is difficult to duplicate exactly the results obtained 
in a test, and the results of tests made by different crews may vary considerably. 
Such lack of agreement is due to differences in the adjustment of the dampers, the 
method of firing, and the manipulation of the fuel bed, and sometimes to the 
fuel used not being exactly alike in kind or size. It follows that better agree- 
ment will be obtained as the control and manipulation are exactly duplicated. 

It is essential, in formulating a code such as that contemplated, to insure that the 
numerical values of the operating characteristics of all boilers should be comparable. 
The codes and testing specifications must, therefore, include such limitations, in- 
structions and advice that all tests will be carried through in the same manner. 
Detailed instructions on damper adjustment—that is, on their correct settings— 
are not possible; and what is required is that there shall be similarity in the com- 
bustion as Miedsiired by flue-gas analysis, and in the air admittance as indicated by 
the draft values. 

Although the results of duplicate tests may vary and although the test points on 
a complete performance chart may not give smooth ar logical curves, the operation 
of a boiler is not a matter of chance but depends upon certain fundamental laws of 
combustion and heat transfer. It would therefore be expected that there should 
be fairly definite relations between output, flue-gas temperature and composition, 
drafts and fuel used. Some indication of these relations was available, but your 
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committee recognized that it was incomplete and that it did not have the data to 
justify fully the inclusion of some of the limitations proposed. 

The Bureau offered to make such tests as the time available permitted, and in 
particular to study the relation of output to smoke-hood temperature, flue-gas 
analysis and smoke-hood draft. 


Test Set-Up and Methods 
Two cast-iron boilers that were available in the laboratory were used for the 
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experimental work. One was a horizontal sectional boiler of 32.5 sq. ft. grate area 
and the other a round sectional boiler of 3.14 sq. ft. grate area. The test set-up 
followed the instructions of the A.S.H.&V.E. 1927 Tentative Rating Code. Fan- 
induced draft was available for both boilers, and the natural draft was not suffi- 
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cient for some of the combustion conditions required; moreover, in this investiga- 
tion, ample draft permitted better control. It was unfortunate that a steel type 
of boiler was not available. 
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Two methods of test were possible: (1) A number of complete tests could be made 
and the average values of each obtained, or (2) measurements could be made more 
carefully and exactly to get instantaneous values or for short periods of 5 to 15 
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min. during which time burning conditions were maintained constant. The in- 
vestigational nature of the work made the latter method preferable, although 
averages of complete tests were also obtained. 

In order to permit more delicate control the stack dampers were fitted with 
screw adjustments. These were very useful, and the ability to obtain and main- 
tain any desired stack temperature was remarkable. 


The feed water to both boilers could be weighed, and as it was necessary to 
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keep the rate of feed constant durjng the,short periods of observation, calibrated 
orifices were inserted in the feed line ofeach boiler and. connected to mercury 
manometers. 

The rates of output for the short periods were determined from the steam. The 
steam pipe of the large boiler was equipped with a thin plate orifice, and readings 
were taken every 15 or 30 seconds during the observation period:*:‘The steam from 
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the small boiler was condensed and weighed; the condenser was of such a type, 
and was so mounted, that the condensate would drain immediately. 

Copper-constantan couples were used to measure the flue-gas temperatures and 
the Tentative Rating Code instructions were followed in their assembly and in their 
mounting in the stack. A duplicate couple was available and was inserted into the 
stack twice during each test to check the other. The opportunity was taken to 
find how far the code instructions ensured the same temperature over the cross- 
section of the flue pipe, and the spare couple was used to make a survey. The 
greatest difference of temperature noted for any portion of the 30-in. pipe of the 
large boiler was 3 deg. fahr., and this difference was only momentary, demon- 
strating that the construction specified ensured adequate mixing of the gases, and 
that the insulation up to the damper is effective. 

Considerable experimentation was necessary to acquire the correct technique, 
particularly in the handling of the fuel bed, to have it in a similar condition for 
consecutive readings. Coke was mostly used because it gives a more uniform bed, 
and a given fuel bed condition is more easily duplicated. 


Relation of Steam Output to Smoke-Hood Temperature 


The flue-gas temperature is easy to measure and should be a useful indication of 
the rate of output if a definite relation between them were established. The pre- 
ponderance of published tests and the performance charts issued by manufac- 
turers show the plot of flue-gas temperature against output to be a straight line, but 
a large number of other charts show irregular curves. The drop in temperature 
of the gases between the surface of the fuel bed and the smoke hood is dependent 
on the laws of heat transfer and can be computed for their relative values for differ- 
ent rates of burning, provided that their initial temperatures could be correctly 
assumed. The heat absorbed by the boiler is that taken from the gases plus that 
radiated from the surface of the fuel bed and conducted from the bed to the fire 
pot. Although these could also be computed, data for the assumptions that would 
have to be made are so meager that it is preferable to depend upon test results. 

During these tests the percentage of CO, in the flue gas was maintained approxi- 
mately constant, at 12 per cent, because at that time the effect of varying CO, 
was not known. 

Fig. 1 shows the results obtained with the large boiler. The dots represent the 
values for one-minute observations. If they were numbered in the order in which 
they were taken they would show three up and down runs. Some of the dots fall 
appreciably off the mean straight line, but this test occurred early in the series, 
before the best technique was developed; the coke used formed a bad sheet clinker 
over the grate, and as the observations extended over a period of five hours there 
was an appreciable-change in the fuel-bed conditions. A one-minute period was 
not long enough, and the clinkering was so bad that the draft available’eould 
not Yaise the temperaturd above 650 deg. fahr., whereas with other cokes 800 deg. 
fahr. was obtained. 

In spite of this the test points give a consistent straight-line relation, and this 
line extended crosses the temperature axis at 150 deg. fahr. 

Fig. 2 shows the fésults for the smalt boiler. These observations covered 10-min. 
periods and there wa’ better control. The straight lifie extended meets thie axis 
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at 180 deg. fahr. Points R21 and R26 are the average values for four-hour tests 
made at other times. A line through them also intersects at 180 deg. fahr. 

Tests not reported showed that the straight-line relation was true only if the 
fuel-bed condition was approximately the same during each observation. In the 
large boiler this is not so important because the rate of burning soon brings the 
bed to the same surface condition. In the small boiler, however, it takes longer, 
and a test similar to that in Fig. 2, but with bituminous coal, gave points with con- 
siderable variation from the mean line. 

The proposed code is not so much concerned with instantaneous values as it is 
with the mean during a complete test, and during that period the fuel bed will 
have gone through similar cycles of conditions in each test. 

The intersection of the mean line with the temperature axis is important. Ac- 
tually, the temperature of the flue gases could never go below that of the boiler 
surfaces which, if the steam pressure were kept up, might be 215 deg. fahr. The 
operation of a boiler at very low rates has no particular interest, at least for the pur- 
pose of the code, and the point of intersection of the straight line through the higher 
values is required. Available performance charts of other boilers indicate that 175 
deg. fahr. is a safe average value to use if complete data for a particular boiler are 
not available. 

It can therefore be concluded that if one complete test is made at high rating and 
the average flue-gas temperature and rate of output are plotted on a performance 
chart, then a straight line through this point and 175 deg. fahr. on the temperature 
axis will give the flue-gas temperature at other outputs; also, these values thus 
predicted will be safe within the order of accuracy required for the purposes for 
which they will be used. 


Relation between Output and CO, Content of the Flue Gas with 
Smoke-Hood Temperature Constant 


Not much information was available on the relation between output and CO, 
content of the flue gas with smoke-hood temperature constant. Its consideration 
is more complex than was the output-temperature relation, since the causes for the 
change in CO, content must be included. The lowering of the CO, because of in- 
filtration of air behind the boiler is excluded, but with many boilers all filtration 
cannot be prevented, even with the best of care. Low CO, may result from a thin 
fuel bed, holes in it, fuel pieces being too large, or from too much excess air being 
admitted over the fire. The results also partly depend upon how the air is ad- 
mitted. One way is to leave the ashpit door wide open and admit air more freely 
above the fire by using the fire-door slots to the full or by partly opening the door 
itself; with this method the ashpit pressure remains zero and the draft through the 
boiler kept to the minimum. The other method is to use only the door slots, and 
if more air is required through them than they will draw in with the slots wide 
open, then partly close the ashpit door, thus creating a greater draft over the 
fuel bed; this means a greater draft all through the boiler and proportionally more 
air infiltration through clean-out doors or other places. 

The large boiler had the customary slots in the firing door, but in addition it had 
means of admitting air beyond the firing bed so that combustion could occur in the 
combustion chamber. Fig. 3 shows the results obtained with this boiler in two 
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separate tests. Curve A represents the first test when the flue-gas temperature 


was maintained at 400 deg. fahr. For the majority of the points air was admitted 
at the back, but the slots were used for some. The ashpit door was adjusted to 






POUNDS OF WATER EVAPORATED FROM AND AT 2/2 °F. 


RELATION BETWEEN STEAM OUTPUT AND CO; PERCENTAGE IN Stack GASES WITH 
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obtain the low CO, values. The departure of the points from a mean curve is due 
to lack of uniformity in method of manipulation. 

In the test corresponding to Curve B, Fig. 3, the ashpit draft was kept zero and 
only the back damper used; the fuel bed was maintained at 12 in. in thickness, with 
the result that 6.2 per cent was the lowest CO, obtainable. It would have been 
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more correct to plot two curves from the points, as the outer and inner set represent 
values as the CO, was run by steps up and down, respectively. 

These two curves are of the same general shape and show that the rate of out- 
puts were the same up to 10 per cent CO,; then they gradually increased and gave 
a 10 per cent larger output at 16 per cent CO, than they did at 10 per cent CO». 


‘} +> i T = ! 


C02 IN FURNACE GASES, PER CENT 





POUNDS OF WATER EVAPORATED PER HOUR FROM AND AT 212 °F. POUNDS OF COKE PL 


Fic. 5. RELATION BETWEEN STEAM OvuTpuUT, FLUE-Gas Loss AND RATE OF BURNING FUEL 
AND Per Cent CO, my Strack Gases For A SMALL Rounp Cast-IRON BoILER WHEN THE 
Deprs or Fug. Bep Is MAINTAINED CONSTANT 


It is more difficult to get low CO, in small boilers except at very low output rates. 
Fig;. 4 shows the results obtained. Curve A is for 400 deg. fahr. smoke-hood 
temperature, with the free use of the ashpit door for creating more draft above the 
fuel bed. Curve B shows a test at 500 deg. fahr. and with the ashpit door full 
open. The difference in the shape of the two curves for low CO, values is marked, 

and was caused by the method of admitting the air. High draft was required to 
obtain the rate of burning with the ashpit closed, and the operation of this boiler 
at the low CO, values was abnormal for both tests. 

The study of the relation between steam output and CO, content should be 
extended, but the results presented show that the output within the range of limita- 
tions set up by the tentative code is not appreciably affected by the per cent CO; 
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in the flue gases. The draft required and the efficiency obtained do, however, de- 
pend upon the CO, content, that-is, the excess air. . 

The loss in the flue gas increases as the CO, decreases. Fig. 5 illustrates this 
graphically. The middle curve is a duplicate of Curve B, Fig. 4, and shows the 
steam output: plotted against CO, content. The curve on the left shows the dry 


ORAFT IN SMOKE HOOD, INCHES OF WATER 





CARBON DIOXIDE, CO2, IN STACK GASES, PER-CENT BY VOLUME 


nye 


Fic. 6. RELATION BETWEEN DraFt IN SMOKE Hoop AND PER 
Cent CO, in Fivug Gasks witH aA Constant Fius-Gas 
TURE 


flue-gas loss. The curve on the right is the corresponding rate of burning the fuel. 
These curves show the rapidly increasing loss due to low CO,. 


Relation of Draft to CO, Content of Flue Gas 

The chimney draft required to obtain a given output increases rapidly with de- 
crease in CO, content and the approximate relation between these quantities can 
be deduced as follows. The weight of gases passing through the boiler per pound 
of carbon burned can be expressed by 
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3.032 N; 
60,4007? 
The drop in pressure through the boiler, with constant average temperature, 


would be of the order of (W,)'-*, and consequently the drop in pressure with con- 
stant load and constant average temperature of the gases should be approximately 


W, 
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Maps For ONE MINUTE ON STEAM FLOw By Orrick MeTeR. Farrmont CoKE UsEp 


proportional to (CO,)~'-*, since the fraction in the above equation is large com- 
pared with the + 1. 

Fig. 6 shows the draft at the smoke hood plotted against the CO, content for the 
tests represented by Curves A and B of Fig. 3, and Curve B of Fig. 4. In all of 
these tests the ashpit draft was zero. The drafts as measured in the smoke hood 
are the apparent drop in pressure due to the resistance to the flow of the gases 
through the fuel bed and boiler; the observed draft should be increased by 
the temperature head due to the hot gases to obtain a true measure of the total 
resistance. For the large boiler the quantity to be added would be negligible 
compared with the drop due to the resistance to flow, but for the small boiler it 
would be appreciable. 

The draft proportional to the (CO,)~*-* equation fits Curve B of Fig. 6 exactly, 
and the other two approximately, if the base line of Curve C is moved down 0.015 
in. to allow for the temperature head. 

The increase of draft with decreasing CO, is noticeable. The draft necessary 
with 6 per cent CO,, from Curve B, is 4'/, times that necessary with 14 per cent. 
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On the other hand, the difference in draft requirements above 12 per cent CO, is 
not great. It can, therefore, be concluded that if the drafts required by different 
boilers are to be comparable, then a code is fully justified in placing limitations 
on the percentage of CO, which is permissible in tests to determine operating 
characteristics. 

Relation between Smoke-Hood Draft and Output 


Performance charts for boilers show more variation in the shape of the draft 
than any of the other curves. This is to be expected, because no method for regu- 
lating the dampers has been agreed upon. At one extreme, the ashpit damper is 
kept wide open at all rates, giving a draft which is proportional to (load)", where 
n is usually 2 to 2.5; at the other extreme, the regulation is done automatically 
by a pressure regulator operating the ashpit damper, when the draft curve may be 
nearly horizontal. 

In these investigations the ashpit damper was usually kept wide open. Fig. 7 
shows the relation between smoke-hood draft and steam output for the test of the 
large boiler represented in Fig. 1. This test was not an ideal one for obtaining con- 
sistent draft values because of the heavy clinker formation. The lower draft at the 
test point for the greatest load was due to the clinker having been broken up to 
permit the high load being obtained with the available draft; also, there was 15.5 
per cent CO, against approximately 12 per cent for the other points. The mean 
curve drawn fits an equation of draft proportional to (output)*-*. 

The plot or draft against output for the smaller boiler with the ashpit pressure 
maintained normal fits an equation of draft proportional to (output)*-*. 

Code Regulation of Draft Requirement Statements 

It is an open question as to what regulations should be inserted into a code to 
ensure that the draft requirements specified for different boilers shall be truly 
comparable. It will be agreed that the only draft of practical interest is that re- 
quired at maximum output, also that the corresponding temperature of the flue 
gases and the weight of flue gas per unit time must be known. From these the 
necessary chimney size can be computed, but this minimum size must be increased 
by using a factor of safety to allow for the use of a poorer grade of fuel, for the 
boiler passages not being clean, for there being more excess air and possibly to 
allow for air infiltration due to deterioration of the setting with time. 

For general use the draft requirements are and should be expressed as the neces- 
sary chimney size. The rules for determining chimney sizes are sufficiently indefinite 
that it is doubtful if the relative draft requirements of boilers can be closely com- 
pared from the chimney sizes specified. A purchaser of a boiler might call for 
the performance charts if they are available, but he should have the assurance that 
the draft curves are comparable, and a manufacturer should have the necessary 
guidance to insure him against a disadvantage caused by the manner in which his 
tests were conducted. 

The fuel-bed resistance offers the major portion of the resistance in small boilers 
and gradually becomes less important as the size increases. In order to insure 
comparable values for fuel-bed resistance, as determined by tests, the fuel used 
should be of the same size and have the same clinkering characteristics, and the 
quantity fired and the cleaning should be regulated. It is then a question whether 
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TasLe 1. Masn ReEsutts or Ratinc, Test or LarcE Cast-IRon Saceroman, BoOmeER 
(82.5 So. Fr. Grate ARBA)..... : 


“% 
4 
Piers 


Test No. + 3 











Item Description - 
2 3 { 5 6 7 
6 Kind and size of fuel Clairton | Clairton | Anthracite, |Pittsburgh |Pittsburgh | Haglewood 
coke, coke, nut size run-of- slack coke, egg 
stove size |stove size mine size 
7 Total weight fired in offi- : 
cial test, Ib. 1950 1950 1950 1925 1885] .q. 1950 
8 Time of official test, hrs. , 3.25 4,0) 4.0 4.0 4.5 ' 4.0 
13 Average smoke-hood . 
temperature, ° F. 726 726 706 709 688 723 
14 Average smoke-hood f : 
draft, inches of water 0.84 0.92 1.00 0.69 0.98 0.70 
Flue-gas analysis, per 
cent: 
15 COs ‘13.4 12.1 12.4 10.8 10/1 12.7 
16 CO 0 0 0 0 0 0.1 
17 Os 7.2 8.4 7.8 8.7 9.1 8.9 
23 Water fed, Ib./hr. 4489 4493 4123 3863 4348] 4201 
24 Equivalent output per 
hour, B.t.u. 4,748,000] 4,743,500} 4,537,200) 4,223,850) 4,904,770) 4,636,300 
25 Average moisture in 
steam, per cent 0.1 0.4 0.1 0.2 1.1 1.4 
— Rating in sq. ft. of steam 
radiation* 19,785 19,765 18,910 17,600) 20,520 18,470 
— Ratios of rating outputs 1.0 1.0 0.96 0.89 1.03 0.935 























* Reduced to the common basis of the output at 700 deg. fahr. flue-gas temperature. 


its resistance at the beginning, at the end, or an average over the whole firing period 
should be used. 


Relation between Output and Fuel Used with the Same Average Stack Temperature 


A limited number of tests were made according to the Tentative Rating Code of 
1927 to determine what effect the fuel used would have on the output. These tests 
could not go very far in the time available, but the main items of the results ob- 
tained are given in Table 1 for the large boiler, and in Table 2 for the small boiler. 
The code instructions were followed closely. Both boilers were re-cemented 
between sections before the tests were started. 

For the information of those not familiar with the A.S.H.&V.E. Tentative 
Rating Code of 1927, it may be stated that it specifies that the average flue-gas 
temperature shall not exceed 700 deg. fahr., the moisture in the steam not greater 
than 2 per cent, and the percentage of CO, in flue gases not less than 12 for coke and 
anthracite and 10 for bituminous coal. These tests aimed at obtaining the maxi- 
mum allowable output. 

Table 1 gives the results of six tests on the large boiler in which five different 
fuels were used. Test 2 used stove size coke but an accident prevented it being 
continued the full four hours. Similar coke was used in Test 3 and it is interesting 
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that the rated output obtained was almost exactly the same as for Test 2. Such 
close agreement could not usually be expected. 

The relative outputs given by the fuels used are stated in the bottom line of Table 
1. It should be remembered that they are relative outputs with the same average 
temperature of the flue gases. These outputs are as follows: 


. Ratios of 
Fuel and size rating outputs 
Clairton coke, stove size................. 1.0 
I I gos ki este tn nsancees ok .96 
Pittsburgh bituminous, run-of-mine....... .89 
Pittsburgh bituminous, slack............. 1.03 
Hazlewood coke, egg size................ .935 


The most interesting fact is that the bituminous slack gave a higher output 
than the run-of-mine coal. Several explanations could be advanced, but they 
have not been proved. The slack required more attention to the fuel bed; conse- 
quently its surface may have been kept broken up and transmitted more radiation. 
The high resistance of the fuel bed would, for the same rate of output, tend to 


TABLE 2° Principal RESULTS oF Ratinc Tests oF A Rounp Cast-IRON HEATING 
Boi.er (3.14 Sg. Fr. Grate AREA) 











Test No. 
Item Description 
16 21 22 23 25 
6 Kind and size of fuel {Clairton | Lowell coke, | Anthracite, |Pittsburgh |Pittsburgh 
coke, 11/: to 11/2 to coal, coal, 
domestic 2 in. 2 in. 1/; to 2 1/, to 2 
size in. in. 


7 Total weight fired in 
official test, Ib. 63 98 64 32 59 
8 Time of official test, 
hrs 4 4 4 4 4 


13 Average smoke-hood 
temperature, ° F. 706 715 706 706 706 
14 Average smoke-hood 
draft, inches of 

















water 0.14 0.10 0.08 0.06 0.03 
Flue-gas analysis, per 
cent: 
15 CO, 12.8 13.4 12.9 11.0 
16 CO 0 0 0.3 0.6 0.5 
17 QO, 7.5 8.8 6.5 6.0 8.1 
19 Steam condensed, lb. / 
hr. 238 271 256 180 159 
20 Equivalent output, 
B.t.u. 264,300 298,000 288,820 202,500 177,840 
25 Average moisture in 
steam, per cent 0.7 1.1 0.6 1.1 0.6 
— Rating in square feet 
of steam radiation* 1100 1240 1190 844 741 
— Ratio of rating out- 
puts 1.0 1.13 1.08} 0.77 0.68 





* Reduced to the common basis of the output at 700° F. flue-gas temperature. 
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produce a relatively higher rate of burning around the sides of the fuel bed, with 
the possibility of consequent better heat transmission. It will of course be recog- 
nized that this higher rate only means the higher rate with the same flue-gas tem- 
perature, and not that the slack would be the better fuel. In fact, no higher 
rate than that obtained was possible with the draft available, whereas a decided 
increase, but with the corresponding higher flue-gas temperature could have 
been obtained with any of the other fuels. 

Table 2 shows the results with the small boiler of 5 tests using 4 fuels. The out- 
put ratios were: 


Ratios of 
Fuel and size rating outputs 
Clairton coke, domestic size.............. 1.0 
Lowell coke, 11/3 to 2 in. ................ 1.13 
pe RES are re 1.08 
Pittsburgh coal, 11/, to 2 in............... ae 
Pittsburgh coal, 14/, to 2 in............... .68 


These results are not very consistent and the number of tests made will not allow 
reliable conclusions to be drawn. The relative output with the Pittsburgh coal 
was lower than it was with the large boiler, as would be expected. 


Summary and Conclusions 


The paper reports a limited number of tests of a large and of a small solid fuel low- 
pressure steam heating boiler to determine the relation of the rate of steam output 
to the flue-gas temperature, to the excess air or per cent CO, in the flue gas, and to 
the fuel used; also the relation of smoke-hood draft to rate of output and to per 
cent COs. 


The results obtained and conclusions reached are: 


1. For a given fuel and for similar firing and attention condition, the plot of smoke- 
hood temperature against rate of output gave a straight line which intersected the tem- 
perature axis for the boilers tested at 150 deg. fahr. for the large, and 180 deg. fahr. for 
the small boiler. 

2. The general truth of this relationship is well confirmed by performance curves of 
other boilers and it is suggested that a line drawn through the test point at a high rate of 
output and 175 deg. fahr. on the temperature axis expresses the relationship sufficiently 
accurately for practical purposes, 

3. With a constant stack temperature and similar fuel-bed conditions the rate of 
output showed no great difference between that with high and that with low per cent 
CO, in the flue gas, and the ratio may be greater or less than unity depending on the 
type of boiler and method of operation. 

4. The stack draft required for a given rate of output increased rapidly with de- 
creasing per cent CO, in the flue gas, and the draft measurements obtained in these 
tests approximated to the theoretical formula—draft varies inversely as (CO)*-8. 

5. With zero ashpit draft and similar fuel-bed conditions the stack draft varied as 
(output)*, where » was 2.3 for the small, and 2.6 for the large boiler. 
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DISCUSSION 


8. R. Lewis: I wish to be sure that in the great amount of talking we have been 
indulging in about cooperative research with universities, we give proper emphasis 
to the great service which has been rendered to us by the United States Government. 
It was only through the cooperation of the U. 8. Bureau of Mines that we were able 
to start research. They have also furnished us at Pittsburgh with fully as much 
in the way of cooperation and men and money and space and steam and electricity 
as we get anywhere. In this present testing of boilers that has just been done the 
Bureau of Mines has paid all of the cost of the work. Mr. Nicholls is indefatigable 
in his devotion to our organization and to the Boiler Testing for the Rating Code 
Committee. We want to be sure to remember that this is the Nicholls of the 
Nicholls Heat Meter of the American Soctety or HEATING AND VENTILATING ENGI- 
NEERS. 

We are promised further cooperation from the Government and, if necessary, 
the carrying out of further tests in connection with the development of this code. 


PresipENtT ANDERSON: Any further discussion on Mr. Nicholls’ paper? 


H. E. Loneweii: I would like to ask what is the significance of Item 7 in 
the code for rating tests. This is a statement of the number of pounds of fuel 
fired during the test and bears no relation to the number of pounds burned. At 
first sight this is apt to be confusing as one naturally associates the quantity of 
fuel fired with the quantity burned. When I first glanced over Table 2, giving 
the principal results obtained with a 24-inch round boiler, I was confounded by the 
apparent evaporation of 16 pounds of water per pound of anthracite and 22'/, 
pounds of water per pound of Pittsburgh coal, test No. 223. As long as we do not 
care about the amount of coal burned during the test I think it would be best to 
ignore the amount actually fired. If the fire had been brought to its best condition 
just before the beginning of either of these tests it should have been possible to com- 
plete the test, especially the test with anthracite, without replenishing the fuel at all. 

I would ask if Mr. Nicholls would object to telling us the number of sections in 
this round boiler between the fire-pot and the dome. Of course, if a fire-pot has a 
crown sheet, that is equivalent to one section. If there are three sections it is 
interesting to note that under the code committee’s definition of rating, these tests 
justify the highest ratings that the most optimistic manufacturer would ever put 
on cast-iron heating boilers. Irrespective of the results shown on the rating test, 
a load of 475 feet of direct radiation is about the maximum that could be carried in 
actual service with sufficient ease to satisfy a reasonable house owner. This load 
could be carried with substantially the same degree of ease by any other round 
boiler, with the same grate area and the same number of sections between the fire- 
pot and the dome, by whomsoever made, regardless of the result shown on a rating 
test of this character. 


P. Nicnotts: Mr. Longwell has misunderstood the meaning of Item 7 of the 
table. The caption defines it as the total weight fired in official test time, and it is 
inserted to show that the tester has fulfilled the requirements of the code. It 
would be incorrect to use this weight to compute the evaporation per pound of coal. 


The paper states that the work reported was investigative. The ratings given 
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are the outputs obtained when the boilers were tested following the code specifica- 
tion. The direct radiation load which they can carry is not fixed by the rating 
code but should be settled by the code for selection. 


Mr. Loneweu: Will you tell me how many sections there were between the 
fire-pot and the dome in that round boiler? 


Mr. Nicuouits: ‘The number of sections between the fire-pot and dome of the 
small boiler was two. 
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apparatus destined to supplant the cast-iron radiator, familiar to genera- 

tions, which employ in addition to primary, direct or wet surfaces a certain 
amount of extended, secondary, indirect or dry surfaces intended to transfer heat 
from the hot water, steam or vapor to the air. 

Extended or secondary surfaces, comprising all air-exposed surfaces the points 
of which are farther away from the heat-carrying medium (steam or hot water) 
than the average thickness of the metal whose boundaries they are, are of course 
no new conception in the art of transferring heat. They have been used in the 
shape of ribs, pins and knobs on cast-iron radiators generations ago and also in 
connection with pipe coils, but it has remained for the advent of the non-ferrous 
radiator to accentuate their usefulness and importance and to bring them into 
prominence again. 

The reasons for their application with copper and brass radiators are easily 
discernible. In order to compete with the cast-iron radiator the non-ferrous 
radiator must show some advantages over the same which may be either price, 
size, weight, durability, appearance or novel features of heat transmission or distri- 
bution. 

Certainly if price alone is considered non-ferrous metal cannot be used in the 
same shape as in cast-iron radiation as its cost pound for pound is probably about 
9 to 10 times as much. Besides in the same shape, brass and copper would not 
show any superiority as far as heat transmission is concerned. By the use of 
stampings in place of castings the status of the brass radiator could: be improved’ 
to a certain extent, at least as far as cost and weight are concerned, but not enough 
to put it into serious competition with cast-iron. Neither as a casting nor‘as:a 
stamping could the brass radiator show any feature which would rate it higher in 
heat-transmitting value than the cast-iron radiator and consequently it would be 


Rew TLY there have appeared in the house-heating field diverse forms of 
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of approximately the same bulk as the latter and would have in general the same 
appearance which admittedly is not prepossessing. Only one advantage would 
the brass or bronze radiator have over cast-iron, that is its longer life and its 
freedom from rust. But these advantages weigh very little compared to first cost. 

The only points left for an attack on the cast-iron radiator are, therefore, its 
size and its method of heat transmission, because even its ugly appearance can be 
tolerated as concealed radiation has made great strides and because many at- 
tractive designs of radiator covers have been created in recent years which, although 
at considerable expense, hide its native homeliness and make its presence endurable 
even in the most sensitive scheme of decoration. 

Reducing the size of a radiator without changing its capacity means that either 
the transmission coefficient of the reduced heating surface must be increased, 
or that the same surface must be accommodated within a smaller space, or that 
surfaces of different character must be employed, which although possibly not 
very effective per unit area, allow the massing of a large amount of surface within 
the desired reduced volume. 

The first of these methods, namely the increase of the transmission coefficient, has 
been used with cast-iron radiation by the introduction of artificial draft, produced 
either by mechanical means or by a stack. 

The second, the disposition of the original heating surface within a reduced volume, 
has been accomplished by the production of cast-iron radiators with small columns 
and enlarged internal airways. 

The third, the application of a surface of a different nature, has been seized upon 
by the non-ferrous radiator and has put the latter in a position where the cast-iron 
radiator cannot follow—at least not until other principles of construction have been 
evolved for it. 

The principal characteristic of this surface to which the name of extended surface 
has been given, is that it discharges heat to the air from every one of its surface 
points and receives heat usually only through the narrow edge of an aperture 
provided for the reception of a container of the heat-carrying medium. In other 
words it is a thin plate or a plurality of plates strung upon a steam or hot-water 
pipe of any convenient cross-section. This assembly is really a combination of 
direct and indirect or extended surfaces, as the hot-water or steam pipe which 
carries the thin plates retains all the properties of a primary surface notwithstanding 
the fact that its chief mission is to provide heat for the extended surfaces mounted 
on it. 

Two conditions are required to move the heat from the primary surface of the 
steam or hot-water pipe to the extended surface of the thin plates or fins, as they 
are commonly called. First, there must be a path over which heat can travel 
without too much resistance, and second, there must be some inducement for the 
heat to leave the primary surface. This means that there must be metallic contact 
between the primary and secondary surface, and the temperature of the secondary 
surface of the body of which the secondary surface is the boundary must be lower 
than the temperature of the primary surface. 

The amount of heat which will pass from the hot pipe to the fin over this metallic 
bridge is determined by the following equation, 
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H=AX (T.—T) XF X Ke wevretey eres oF Teor (1) 


wherein H denotes the amount of heat units (B.t.u.) passing during a time unit 
from the surface of the pipe to the fin, A is the area of contact between pipe and 
fin, 7, is the surface temperature of the pipe, 7’; is the temperature of the fin at a 
distance L from the pipe and K. is the coefficient of thermal conductivity of the 
material forming the fin or the connection between fin and pipe. 


A numerical example will illustrate the results obtained by this formula (1), 














Fic. 1. Fic. 2. 


and it shall be assumed that the material of the connection between fin and pipe 
shall possess the same thermal conductivity as the fin and the distance L shall be 
small compared with the outside diameter of the circular steam pipe. Let the 
outside diameter of the steam pipe be '/2 in. and the thickness of the fin 0.01 in. 
which will make the area of contact A 0.0157 sq. in. The temperature of the fin 
at a distance of 0.002 in. shall be 1 deg. less than the temperature of the pipe 
which makes (7, — 7;) = 1. Let the fin be copper, the coefficient of conductivity 
of which is 19.4 = K.. Therefore, H = nor oe ., 152.3 B.t.u. This 
means that 152.3 B.t.u. pass in 1 hr. from the pipe to the fin under the above stated 
conditions. This result is, of course, not mathematically exact as the formula holds 
good only for infinitely small differences of temperature and presumes no external 
heat loss. 

From the structure of equation (1) it is apparent that the amount of heat trans- 
mitted depends on the active area of contact, which means that there must be no 
gap in the girdle around the steam pipe, no holes, no imperfect fit but an intimate, 
close contact. Furthermore, because the coefficient of conductivity K. appears 
as a factor in this equation, the heat delivery is also dependent of the nature of the 
material which makes the connection. Not only must this material have high 
conductivity but it also must be permanent, that is, corrosion must not take place 
and impede or interrupt heat transmission. 
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The heat now safely landed on the fin will spread through its body and at the 
same time the air will abstract some of it from the exposed surface. 


The process of distributing the heat through the material of the fin is governed 
by the same laws of conductivity which have been explained above, that is, there 
must be a path and a difference in temperature to make the heat move. There is 
of course no question about the path—that is provided by the homogeneous ma- 
terial of the fin. The required difference of temperature, however, can only be 
maintained by a constant loss of heat to the air which necessitates a constant air 
current. It is therefore evident, that the temperature of the fin cannot be uniform 
because not only is it necessary that the outer edges be cooler than the portions 
which are nearer to the source of heat, the steam pipe, but the surfaces must also 
be cooler than the interior of the fin body. It follows from these considerations 
that at no point can the temperature of the fin be equal to the temperature of the 
steam, that the greater the distance of a point from the steam pipe the lower will 
be its temperature, and that the average surface temperature of the fin will be 
considerably below the temperature of a primary or direct surface receiving its 
heat supply from the same source. 


These deductions make it plain that the extended surface can never have the 
same value for heat transmission as the same area of primary surface, that this 
value is moreover variable and that the mere statement of size of secondary surface 
means nothing as far as its application in heating apparatus is concerned. 


Under certain arbitrary conditions the surface temperatures of a fin may be 
determined by the application of a formula given substantially as in its present 
shape by J. Fourier in his Theory of Heat many years ago, which is expressed as 
follows: 


wherein m = — and K, is the transmission coefficient of the surface, p the 
perimeter of the fin section, K. the coefficient of conductivity of the fin material, 
s the area of the cross-section of the fin, e the base of the natural or hyperbolic 
logarithms, z the distance of the point of which the temperature is sought from 
the source of heat, and 7’, the temperature difference between metal and air-at this 
point, and 7’, the temperature difference between metal and air at the source of 
heat. 


This formula is applicable only under the following conditions: 
(1) The fin is connected to the source of heat only along one long edge, 
(2) The thickness of the fin is small compared to its length, 


(3) The temperature of the cooling air is constant and uniform all over the 
surface of the fin. 


(4) The length b of the fin is infinite. 
A design of an assembly of this kind is shown in Fig. 2. 


As an illustration, a numerical example may be considered in which K, = 1.5 
B.t.u. per sq. ft. per hr. per 1 deg. difference in temperature, K, = 19.4,B.t.u. per 
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hr. per sq. in. per inch per 1 deg. difference in temperature between faces, and where 
the thickness of the fin is 0.01 and 0.02 in., respectively. 

With temperature differences 7’, of 145 and 100 deg., respectively, and with an air 
temperature of 70 deg., the real temperatures ¢, at a point at a distance z from the 
source of heat are as shown in Table 1. 


TABLE 1. NUMERICAL VALUES OF CURVES SHOWN IN Fic. 3 





























Ts = 145 Ts = 100 
i ts = 215 ts = 170 
Inches t = 0.01 in. t = 0.02 in. t = 0.01 in. t = 0.02 in. 
0.05 212.6 213.4 168.3 168.9 
0.10 210.3 211.7 166.6 167.7 
0.15 208.1 210.1 165.2 166.6 
0.20 205.3 208.5 163.7 165.5 
0.25 203 .6 206.9 162.2 164.4 
0.30 201.5 205.3 160.7 163.3 
0.35 199.3 203.7 159.2 162.2 
0.40 197.2 202.2 157.7 161.2 
0.45 195.2 200.7 156.3 160.1 
0.50 193.1 199.2 154.9 159.1 





A chart of the values in Table 1 is shown in Fig. 3. 


A different result follows if a fin of finite length is considered for which case a 
formula has been developed by W. H. McAdams and 8S. B. Turner from the deriva- 
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tions published by S. R. Parsons and D. R. Harper in their paper on Radiators for 
Aircraft Engines prepared for the U. S. Bureau of Standards. 


This formula is expressed as follows: 


SF igi, SE ats gain AE spc Se vaion des dann ac coun (3) 
Ts cosh mb K-s 


wherein all symbols have the same meaning as in formula (2) and where b is the 
extension of the fin from the source of heat. 


TABLE 2. NUMERICAL VALUES OF CURVE SHOWN IN Fic. 4 











tz 

x Te = 145 

in ts = 215 
Inches t = 0.01 in. 
0.10 214.4 
0.20 213.8 
0.30 213.4 
0.40 213.2 
0.50 213.1 








Numerical examples of the application of this formula are given in Table 2 and a 
chart of these values is shown in Fig. 4. 

These curves show very clearly how the surface temperatures decrease with 
the increase of the distance from the source of heat and how the thickness of 
the fin affects the distribution of heat. It is curious to note that the beneficial 


TEMPERATURE OF SOURCE OF HEAT. 
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Fic. 4. TEMPERATURES AT VARIOUS DISTANCES FROM SOURCE OF HEAT 
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influence of a thicker fin is the more marked the farther away from the source of 
heat the temperature is observed. 

In a similar way, and in fact based upon these calculations, it has been possible 
to develop a formula for the efficiency of extended surfaces. This formula has been 
used by S. R. Parsons and D. R. Harper in their researches on Radiators for Air- 
craft Engines previously mentioned and is written as follows: 

tanh (u) 


malice Sew aic ate alates es pee (4) 


wherein u = Vi aes and E the efficiency of the extended surface, tanh (u) the 


hyperbolic tangent of u, b the width of the fin, K, the transmission coefficient 
of the standard surface, ¢ the thickness of the fin and K. the conductivity of the fin 
material. 

This formula is applicable only under the conditions named for the temperature 
equations (2) and (3). 

Numerical examples worked out for the same fin characteristics as previously 
cited and for fins from !/2 to 2'/2 in. wide give the results shown in Table 3. 


TABLE 3. NUMERICAL VALUES OF CURVES SHOWN IN Fic. 5 





E in Per cent 





Width of Fin—}b 





in Inches t = 0.01 in. | t = 0.02 in. 
0.5 98.5 99.6 
1.0 : 96.5 98.2 
1.5 92.7 96.1 
2.0 87.8 93.4 
2.5- 82.3 90.2 








Fig. 5 shows the graphic results given in Table 3. 

The temperature does not appear as a factor in this equation and consequently 
the efficiency of an extended surface is not affected by the operating temperature, 
which sounds strange, but it is to be remembered that this efficiency is merely a 
comparison with a wet surface of the same temperature and is not to be confounded 
with the transmission coefficient which changes with the temperature. 

These theoretical investigations are very interesting and certain relative de- 
ductions can be drawn from them, as for instance the influence of the thickness 
of the fin, but for an exact predetermination of results these calculations are of 
little value for the reason that too many assumptions have to be made, assumptions 
which under actual working conditions never materialize. For instance it is 
assumed that the temperature of the air which touches the fin is the same over the 
whole surface, which under house-heating conditions is impossible, as the air 
entering from below naturally gets warmer the higher it rises along the fin; it is 
further assumed that the transmission coefficient is constant, which is not the case 
in actual service as will be shown later. It is, therefore, advisable to exert great 
caution whenever these equations are used. 


It is surprising to see how many forces affect the performance of an extended 
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surface and in the following paragraphs an attempt will be made to consider these 
factors individually and to show their influence. 
Three simultaneous equations exist concerning the heat transfer in this process: 
The heat transmitted to the air by convection H. must equal the heat lost 
by convection by the radiator H, and must be equal to the latent heat of the con- 
densed steam multiplied by the convection factor of the radiator Ks. The con- 
vection factor Ke being the percentage of heat abstracted from the radiator by 


EFFICIENCY OF SURFACE, Per Cent 





Lo 1s 20 26 


WIOTH OF FIN, inexas 


8 3 


Fic. 5. Curves SHOWING VARIATION IN EFFI- 
CIENCY OF SURFACE WITH WIDTH OF FIN 


convection only, the balance of the liberated heat being, of course, dispersed by 
pure radiation. 
These three simultaneous equations can be expressed algebraically as follows: 
, aS AY RSS eR ORR (5) 


wherein w is the weight and r the latent heat of the condensed steam. 

Now H., is proportional to the weight of the air and to the difference in its 
temperature before and after it has been in contact with the radiator. Therefore, 
Ha is a function of weight we and temperature t,, t of the air, viz: 

Bh, Se Fis Oi OF. bid ohn ai oe a les 0 (6) 

The heat lost by convection by the radiator H, is proportional to the exposed 
area A of the radiator, to the difference between the average temperatures of the 
surface of the radiator and of the air (7, — te), and to the transmission coefficient 
K,, viz: 


H, = f{A (T, bo te), K;] Trrrrrrrre rere reer (7) 
In equation (6) the weight of the air we is mentioned and in this connection 
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the following deduction is apparent. The weight of the air, which during a time 
unit passes along a heated surface, is directly proportional to the velocity of the 
air flow and inversely proportional to the amount of friction which the air stream 
encounters on its travel along the heated surfaces. In natural, unassisted circula- 
tion the motive power, which creates this circulation, is the difference in weight of 
air columns of different temperatures. It is the same force which makes the air 
go around in a hot-air heating system and the same laws which govern the one will 
be applicable to the other. In a hot-air system, the more vigorous the circulation, 
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Difference in Temperature between Steam and Air at Ceiling, degrees 





"0038 0.42 046 050 054 058 062 0,66 


Transmission Coefficient Ky 


Fic. 6. Curve SHOWING INCREASE IN TRANSMISSION 
CoEFFICIENT K, WITH TEMPERATURE DIFFERENCE 


the greater the difference in temperature between the ascending and descending 
air streams and the same presents itself with a radiator. 

The amount of friction is directly proportional to the fin area which the air 
stream has to touch in its passage through the radiator. This means the more 
fin area per cu. ft. of air flow the larger is the resistance and consequently the 
smaller the velocity of the air. 


This conclusion touches one of the most important points in the use of extended 
surfaces because it follows from it that the mere massing of extended surfaces, 
the crowding of a certain given space with fins does not mean a corresponding 
increase in capacity. In some instances the capacity will even decrease if the 
reduction of air circulation, due to increased friction, overbalances the gain in fin 
surface. 
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The third factor in equation (7) is the transmission coefficient K,. This coeffici- 
ent is influenced by two factors. One is the temperature difference between the 
hot surface and the air, and the other is the velocity with which the air passes 
along the hot surface. The latter is very powerful for the following reason. 

It has been established by numerous investigations that on any surface along 
which heat transmission takes place a thin film of the heat-receiving substance is 
formed which retards to a great extent the passage of heat through it. This 
film is very tenacious and adheres with considerable force to the hot surface. The 
only way to get rid of this film is to tear it off by rushing the air past it at high 
speed, which means that the heat transmission is dependent on the velocity of 
the air. Previously it has been shown that the velocity of the air stream is con- 
trolled by the difference in temperature of the air before and after passing the 
radiator and now it has been demonstrated that a high air velocity affects the heat 
transmission of the radiator favorably. Against this beneficiary influence it must 
be considered that a higher air velocity means a larger amount of air and this causes 
a lowering of the temperature of the heating surface. Actual observations of 
radiators with extended surfaces show indeed that the heat transmission of these 
surfaces is very sensitive to relative air temperatures and to the changes of air flow 
engendered by these temperature variations. 

The chart in Fig. 6 gives a picture of these results which have been obtained 
by tests of different sizes of a certain radiator design in which the proportion of 
indirect to direct heating surface was about 4'/2 to 1. 

It will be noticed that the ordinate in Fig. 6 represents the difference between 
the temperatures of the steam and of the air at the ceiling. This standard of 
comparison has been chosen because it yielded more coherent results than either 
the difference between steam and average room temperature or the difference 
between steam and the entrance temperature of the air. One reason for this 
circumstance is that without a doubt the temperature, and consequently the 
density of the air above the radiator, affects the velocity of the ascending air stream. 
The height of the room wili also influence the heat transmission but for comparative 
experiments carried out ‘a the same room this factor remains constant. The 
slope of the resultant is very marked and shows the strong influence which the 
temperature of the air has on the heat transmission. 

It is well to remember, however, that these results have been obtained from, and 
are consequently valid for only one particular type of extended surface radiation. 
Other fin arrangements will have different characteristics, and general conclusions 
should not be drawn until a fairly large number of tests of different designs have 
been made. 

In all preceding calculations only the heat which has been transferred to the air 
by convection has been considered. It is one of the main characteristics of the 
different types of non-ferrous radiators using extended surfaces that the proportion 
of the heat abstracted by convection to the heat lost by radiation is very large, 
much larger than with cast-iron radiation, which fact is explained by the lower 
temperatures of the extended surfaces and also by the arrangement of these surfaces 
which in most cases effectively screen any direct radiation. The absence of the 
stinging heat rays so painfully noticeable with cast-iron radiation is a fact easily 
detected when in close proximity to an extended-surface radiator. 
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STANDARD TEST CODE FOR HEAT TRANSMISSION 
THROUGH WALLS 





Preface 


A CONSIDERABLE number of methods have been proposed and used for the 

determination of the heat transmission of building materials and constructions. 
Owing to this fact, and to some confusion that has existed in the understanding and 
use of the terms “coefficient of heat transmission’ and “coefficient of conductivity,”’ 
wide variations have arisen in the application of the published laboratory values of 
these coefficients to actual wall constructions. To further complicate conditions, 
many of the laboratory values have been determined with temperature ranges and 
mean temperatures of the materials considerably removed from those to which the 
materials are subjected in actual use. 

This code has not been framed for the purpose of offering detailed instructions for 
testing the heat transmission of building materials, or for constructing testing apparatus, 
but rather for defining certain standards, the application of which, it is hoped, will bring 
the results of different investigations into better conformity than is found at the present 
time. 


In order to obtain complete information on the heat transmission through building 
walls, two classes of tests must be considered, either one or both of which may become 
necessary or advisable, depending on the purpose in view. (1) Tests on the conduc- 
tivity of homogeneous materials must be run in order to determine the fundamental 
constants which constitute the basis for the calculation of the over-all heat transmission 
through built-up walls. (2) Tests on the over-all heat transmission through actual 
built-up walls may be run to serve as a check on the validity of calculated values, or 
to establish these values in cases where the nature of the constructions does not permit 
accurate calculations being made. Separate sections of the code have, therefore, been 
devoted to these two classes of tests. 

Committee, 
A. P. Kratz, University of Illinois 
G. L. Larson, University of Wisconsin 
J. C. Presses, Armour Institute 
F. C. HouGHTEN, Director Research Laboratory 


PART I—DEFINITIONS AND FORMULAS 


Definitions and Formulas 

(1) The coefficient of heat transmission is the heat transmitted per square foot 
per degree fahr. difference in temperature between the air on one side and the wall to 
the air on the other side per hour. 

(2) The surface coefficient is the heat transmitted per square foot per degree 
fahr. difference in temperature between the surface of the wall on one side and the air on 
the same side per hour. 


Presented at the Annual Meeting of the American SocreTy oF HATING AND VENTILATING 
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(3) The coefficient of conductivity is the heat transmitted per square foot per 
degree fahr. difference in temperature from the surface on one side of the wall to the 
surface on the other side per hour per inch of thickness. This coefficient is of doubtful 
significance except in cases of solid walls of homogeneous material. 


Let U coefficient of heat transmission 

Ki surface coefficient on hot side 

Ke surface coefficient on cold side 
coefficient of conductivity 
Watts electrical input 
B.t.u. transmitted per hour = 3.4145 W. 
Area perpendicular to flow of heat, sq. ft. 
thickness of wall, in. 
temperature of air on hot side, deg. fahr. 
temperature of air on cold side, deg. fahr. 
temperature of hot surface, deg. fahr. 
temperature of cold surface, deg. fahr. 
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PART II—CONDUCTIVITY OF HOMOGENEOUS MATERIALS 


The guarded hot plate shall be the standard method for determining the conduc- 
tivity of homogeneous materials. This method is not applicable to the determination 
of over-all heat transmission coefficients. The construction of apparatus, and the 
procedure recommended by the United States Bureau of Standards, JouRNAL OF THE 
AMERICAN Society OF HEATING AND VENTILATING ENGINEERS, Vol. 26, No. 7, October, 
1920, shall be followed and the temperature of the surfaces of the materials shall be 
regarded as that of the plates on each side. The test specimen shall be at least 8 in. x 8 
in. and the plates must be applied in such a manner that the density and other physical 
characteristics of the material under test is not altered. ‘Temperature equilibrium shall 
have been established for a sufficient length of time to insure constant conditions be- 
fore test data are taken. 

In order that results from different laboratories may be comparable, the standard 
method of making tests shall be at a mean temperature of 60 deg. fahr. and upon dry 
material. The material shall be dried at a temperature of 220 deg. fahr. for a sufficient 
length of time to eliminate all moisture before the test is made and the per cent of mois- 
ture driven off, together with the atmospheric conditions and the density of the ma- 
terial, shall be reported with the test. 


PART ITI—OVER-ALL HEAT TRANSMISSION 


Standard Method of Testing 


The standard method of testing shall be by means of the guarded hot box as de- 
scribed by F. B. Rowley in the JouRNAL oF AMERICAN SocrETY OF HEATING AND 
VENTILATING ENGINEERS, Vol. 32, No. 5, May, 1926. The standard temperature range 
from air on one side to air on the other shall be 80 deg. fahr. and the standard mean 
temperature of the wall shall be 40 deg. fahr. All tests shall be run with still air on 
both sides of the wall, or the circulation on the inside of the box restricted to an amount 
just sufficient to obtain uniform temperature throughout. The box shall be under 
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heat for a sufficient time previous to the start of the test to insure that temperature 

equilibrium has been attained. The test should continue for a sufficient length of time, 

and enough observations should be made to present evidence that such temperature 

equilibrium has been maintained throughout the test, and that the temperature in 

the space between the boxes has remained the same as that in the inner box. In general 

~ duration of the test should be at least two hours, and need not be more than four 
ours. 


It is strongly recommended that coefficients of heat transmission be obtained with 
the standard temperature range of 80 deg. fahr. for several mean temperatures of the 
wall. In all cases both the temperature range and the mean temperature of the wall 
should be stated in reporting results, and in no case where but one determination is 
made and reported should the mean temperature of the wall exceed 105 deg. fahr. 


Sufficient data should be taken to permit reporting on the surface coefficients for 
both hot and cold sides of the walls and in cases of walls of elementary materials, the 
density or weight per cubic foot, and the moisture content shall be stated. Coeffi- 
cients of conductivity as determined by this method shall not be regarded as the standard 
coefficients of conductivity. 


Construction of Guarded Hot Box 


The internal dimensions of the outer box shall be at least 5 ft. x 5 ft. x 5 ft. and 
those of the inner box 3 ft. x 3 ft.x 3 ft. The walls of the outer box shall be insulated 
with 3 in. of corkboard, or the equivalent, and the walls of the inner box with 2 in. of 
corkboard or the equivalent. The wall specimen shall be clamped.to the open side of 
the outer box and in this position must come into firm contact with the edges of the 
open side of the inner box. These edges shall be thinned down or armoured to insure 
perfect contact. The air in the inner box shall be heated by meaus of a resistance 
coil wound on a cubical frame not to exceed 12 in. on a side, and with characteristics 
such that the wires or units do not attain a dull red heat, or so shielded that the test 
specimen does not receive radiant heat from surfaces at a high temperature. The 
current to the coils both in the inner box and in the space between boxes shall be thermo- 
statically controlled to maintain the same temperature in the inner box and in the space 
between boxes. Fans shall be installed to maintain uniform temperature in all of 
these spaces with the minimum circulation of air. 


Specimens for Test 


() The test specimens shall be constructed similarly to actual walls, and not 
consist merely of plates of the separate materials forming the walls. Such wall s speci- 
mens shall be constructed to conform to the standard specifications of the manufacturers 
of the products used, and according to the usual practice of the trade employing average 
skilled labor. 


(2) The portion of the specimen through which the flow of heat is actually mea- 
sured shall be at least 3 ft. by 3 ft. 


Location and Character of Measuring Instruments 


All temperatures shall be obtained by means of copper-constantan or iron-con- 
stantan thermocouples, and the use of a potentiometer, rather than a galvanometer or 
milli-voltmeter, is strongly recommended. Alli couples in the same space with the 
heating coils shall be shielded against direct radiation from the coils. 


The temperature of the air in the inside box shall be obtained by means of four 
couples placed 6 in. from the inside of the face formed by the test specimen. The sur- 
face temperatures of the wall section shall be obtained by means of four couples em- 
bedded in each face of the portion of the test wall enclosed within the edges of the inner 
box. The junctions of these couples and 4 inches of the leads back of the junctions 
shall be embedded in the surface of the material under test, glued or cemented firmly 
in place, and filed flush with the surface. One thermocouple shall be placed in the 
air in each of the air spaces enclosed between the walls of the inner and outer boxes. 
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Addendum 


The Nicholls Heat Meter as described in the JouRNAL OF THE AMERICAN SOCIETY OF 
HEATING AND VENTILATING ENGINEERS, Vol. 30, No. 1, January, 1924, pages 35 to 70, 
offers a convenient method worthy of consideration for testing actual walls. Since 
methods for the use of the meter for determining fundamental constants for structural 
materials have not been well developed, its use as a standard method cannot be adopted 
at the present date, but since the meter appears to give promise of advantage in making 
such determinations, it seems well to recognize such possibilities and to recommend 
that an extensive study be made of its application for the purpose of standardizing its 
use. 


DISCUSSION 


M. 8. Van Dusen (WritTreN): In the preface to the proposed Code it is 
stated in substance that the Code has been framed for the purpose of defining 
certain standards, rather than for offering detailed instructions for the measure- 
ment of heat transfer in building materials. It appears to me that this is a 
desirable thing, but in its present form the Code goes either too much or too little 
into detail, its exact purposes and limitations are not clearly stated, and no mention 
is made of the attitude of the Society toward such results as may be obtained in 
the future by methods and under conditions not considered in the test. I shall 
endeavor to back up some of these rash statements by more detailed criticism. 

In the interest of brevity and definiteness, the section on definitions and formulae 
might well be omitted and reference made to E. F. Mueller’s paper on Definitions, 
Nomenclature and Symbols, appearing in the 1922 report of the insulation Com- 
mittee of the American Society of Refrigerating Engineers. Mr. Mueller treats 
the subject much more completely and accurately, his nomenclature is far more 
logical, and his symbols are probably as good as any other proposed system. In 
the interest of uniformity it is desirable to have as few different systems of names 
and symbols as possible. Nothing can be gained by introducing new systems or 
perpetuating old cumbersome expressions unless it is shown that there is good 
reason for such action. 

The specification of a standard conductivity test on bone dry material at a cer- 
tain mean temperature is very desirable for certain purposes, but it should be clearly 
stated what these purposes are. Such a standard test is distinctly advantageous 
from the point of view of the user who is buying a certain material on a conductivity 
and weight specification, since tests made from time to time at different places will 
be exactly comparable, and the user can judge with reasonable certainty whether 
or not the quality of the product is keeping up to the original standard. The same 
remarks apply in the case of the manufacturer who has his product tested by labora- 
tories outside of his own organization, and there are, no doubt, other cases where 
such a proposed test will be advantageous. 

On the other hand, however, the proposed standard test as a comparison be- 
tween two different materials will in many cases be unfair to one or the other. 
Under normal conditions of use, most materials of the classes in which we are 
particularly interested contain a considerable percentage of hygroscopic water. 
A few normally contain practically no water at all. It will be claimed that one 
material is more affected by the presence of a certain percentage of hygroscopic 
moisture than another, and there will no doubt be justification for the claim. 
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It appears that the limitations in the use of the standard test results should be 
clearly stated in the Code, so that no inferences will be drawn that the standard 
test is considered to be the correct index of the insulating value of a material under 
average conditions of use. 

As far as details of the standard conductivity test are concerned, there appears 
to be no particular reason for specifying the exact size of apparatus, any more than 
there is for omitting the thickness of the test specimen. As a matter of fact, the 
Bureau of Standards now uses almost exclusively an 8-in. square size, rather than 
a 12-in., on account of certain experimental advantages. We have also a 24-in. 
size, and for accurate results it would be necessary to use this large size if we were 
called upon to test a material which could not be considered homogeneous in a 
1-in. thickness, but could be so considered in, say, a 3-in. thickness. Homogeneity 
is a relative term, and depends upon the size of specimen considered. 

In specifying 60 deg. fahr. mean temperature, the idea was apparently to get 
as near as possible to an average working temperature for insulating and building 
materials in the heating season. This seems rather futile, since the test of bone 
dry specimens departs so far from actual conditions of use. As far as this kind 
of test is concerned, which is more or less arbitrary anyway, some other higher 
mean temperature would be equally good, in fact better, since the conductivity 
value obtained would tend to be nearer the true value at 60 deg. fahr. and average 
moisture content. Experimental difficulty should also be taken into account in a 
purely routine test. For accurate measurements, a temperature difference of 30 
deg. to 40 deg. fahr. is usually required. This would require that the cold water 
temperature be somewhere in the neighborhood of 40 deg. fahr., requiring refrigera- 
tion at most places during part of the year. In summer this temperature is very 
often below the dew point (practically always in this part of the country) causing 
condensation on the cold plates and likely to produce errors resulting from conden- 
sation in the colder portions of the test specimen. In view of the foregoing, it 
appears more desirable to raise the mean temperature to 80 deg. or 90 deg. fahr. 


It is also obviously desirable to make tests at other mean temperatures and 
with various moisture contents, but I have been referring thus far only to a single 
arbitrary standard test made for definite purposes. 

Objection might be raised to the method of drying test specimens. It may be 
argued that the properties of some materials are permanently changed by heating 
to 220 deg. fahr. This objection can, of course, be overcome by drying specimens 
in a desiccator at room temperature, but considerably more time would be required. 

Referring to the action on overall heat transmission, a few general remarks 
might be made. The so-called surface coefficients obtained under the laboratory 
test conditions specified do not appear to be of much significance, particularly 
the inside coefficient, since the air inside must necessarily be artificially circulated 
to promote temperature uniformity, a condition vastly different from that nor- 
mally existing at the inside surface of an exterior wall. The outside (cold side) 
coefficient as determined may or may not have a relation to the outside coefficient 
in actual practice. In any case the outside surface resistance of the wall of a build- 
ing is usually relatively so small and extremely variable that little if any account 
can or need be taken of it. In view of these facts, effort should be concentrated 
on the determination of the conductance of the wall itself. In view of the possible 
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if not probable rapid development of better methods of measuring heat transfer 
through walls, it may be unwise officially to accept only those results obtained 
by a specified method and apparatus. Furthermore, one is more apt to place 
greater confidence in results which have been checked by other methods. The 
conductance of a certain wall under specified conditions of temperature and mois- 
ture content is a definite quantity, susceptible of measurement by more than one 
method. It is not a purely arbitrary thing, such as for instance the result obtained 
in a standard pour test for oil. In the latter case, the result is a useful one, but 
it does not represent any definable property of the oil. It is actually a complicated 
function of the apparatus and method of procedure as well as of various properties 
of the oil. In order to get the same result on the same oil, everyone must, there- 
fore, use the specified apparatus and method of procedure. The situation is quite 
different in dealing with heat transfer through building materials, and it seems 
unwise indirectly to discourage all methods except one which are different from the 
one proposed. It does not appear that the situation can be remedied by making 
a set of hard and fast rules. 


Pror. R. W. ANcus (WritTEN): The Society is to be commended for its effort to 
establish a Standard Test Code for Heat Transmission through Walls, and if the 
Code is properly composed it will prove of great assistance in the laboratories 
doing such work. One of the purposes of the Code should be to facilitate heat 
transmission tests, and the conditions laid down should, therefore, be such as can 
be met by the ordinary laboratory. 

It might be advisable to divide the Code into two parts, one dealing with exact 
results and the other part governing tests giving approximate results within say, 
3 or 4 per cent, which would be extremely useful in ordinary building work but 
might not be good enough for distinguishing between two materials of approxi- 
mately the same insulating values. These approximate tests could usually be 
made in much less time than the very exact ones. In this connection, it might be 
possible to test many homogeneous materials by the hot plate method without 
the use of the guard ring, where only approximate results are required in very 
much less time than with the guard ring. 

Part 2 of the Code deals with the conductivity of homogeneous materials and 
prescribes the guarded hot plate for this work, and the apparatus is to be as de- 
scribed in the JouRNAL OF THE AMERICAN SoctetTy or HEATING AND VENTILATING 
Encrneers, Vol. 26, October, 1920. It is presumed that this paper is No. 566 
by M.S. Van Dusen in Vol. 26 of the Transactions and if so, this should be stated 
in the Code. This test should be confined primarily to materials which are used 
as fillers between two other wall substances, because then the surface resistance 
does not come into the question and the hot plate method gives the results which 
would be required in the practical use of the material. Some definition should 
be given as to what is meant by homogeneous materials. 

The specimen recommended is I ft. x 1 ft. and the writer would suggest that 
larger plates, say, 2 ft. x 2 ft. would not only give more accurate average results, 
but in most cases the error in the coefficient without the use of the guard ring 
would be very small provided the specimens were not over 1 in. thick and the 
edges were surrounded with 2 in. of cork board. For instance, if two test speci- 
mens 24 in. square and 1 in. thick, and having the same conductivity as cork, are 
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placed in contact with a hot plate */, in. thick and the edges of the specimens 
and hot plate surrounded with 2 in. of cork board the heat losses will be relatively 
very small. Assuming the entire apparatus in a room at temperature 70 deg. 
fahr. and the temperature of the cold side to be 20 deg. fahr. and that of the hot 
side 80 deg. fahr., then the heat passing through the specimen will be 60x4 x k = 
240k B.t.u. per hr., and the maximum possible edge loss through a surface 
/(1 + */4) = 7/s in. x 8 ft. will be 7/s x 1/12 x 8 x 10k/: = 2.9k, which is only 
about 1 per cent of the heat transferred in this case, where the air is 10 deg. fahr. 
colder than the hot plate. 


The Code recommends that the standard mean temperature shall be 60 deg. 
fahr. and thus introduces a different basis of comparison from Part 3 of the Code, 
where 40 deg. fahr. is recommended. These should be made to agree. 

Part 3 of the Code deals with over-all heat transmission, the guarded hot box 
method being specified, and it is presumed that this is the one described by Prof. 
F. B. Rowley in paper No. 748 of Vol. 32 of the Transactions. Unfortunately, 
the paper referred to does not give very full details of the box, as the illustrations 
are not clear, and if it is to be used as a standard a full description should be given. 
The writer, does not see, however, why the one method alone should be stipulated. 
In the University of Toronto, we have been using walls 4 ft. wide and 5 ft. high 
with an area of 20 sq. ft., the hot box being 18 in. deep inside and surrounded by 
4 in. of cork board and 7/s-in. wood sheeting. Instead of the outside box used by 
Professor Rowley, we simply use the air in the room, which we can keep quite 
nearly constant. These larger specimens are likely to give much more accurate 
results than the smaller ones, because, in an area of 20 sq. ft. the sample is much 
more representative than in the 9 sq. ft. used by Professor Rowley and the error 
due to heat losses would ordinarily be much less. 

As a comparison of the accuracy of the two boxes, one wall tested at Toronto 
might be taken as an illustration, in which the amount of heat per hour passing 
through the wall was 500 B.t.u. The mean area of the test box walls is 55.5 sq. ft., 
and if the effect of the wood sheeting is neglected and a value of k equal to 0.36 
is used for cork, the heat radiated from this box would be 55.5 x 0.36/4 = 5 B.t.u. 
per deg. fahr. difference in temperature between the inside and the outside of the 
hot box which amounts to a loss of only 1 per cent of the heat transferred. 


In the Rowley box, which is a 3-ft. cube surrounded by 2-in. cork board, the 
corresponding heat transmission through the test wall would be 225 B.t.u. per 
hour. The mean area of the cork board in the inner test box is 50 sq. ft., hence 
the radiation loss would be 50 x 0.36/2 = 9 B.t.u. per hr. per deg. fahr. temperature 
difference. This error is 4 per cent, or four times as great as in the case of the 
larger wall. It is quite probable that the temperature of the outer box may vary 
2 deg., which will produce the same proportional error as an 8-deg. fahr. variation 
in the air surrounding the Toronto box; and it is quite easy to keep below this 
variation in room temperature. This is not meant in any way to be a criticism 
of Professor Rowley’s method but to show that its accuracy is no greater than other 
methods in use, and which should also be approved by the Code. It is important 
to have the area of the test wall as large as possible and the Code should be so made 
as to permit the use of larger walls or equally exact methods being employed in 
place of one named. 
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The suggestion of thinning down the edges of the inner box to make good con- 
tact with the specimen may not be very satisfactory; as a matter of fact, the 
current produced by the fan is likely to cause air to pass directly from the inner to 
the outer box or vice versa, unless perfectly tight contact is made, and this may 
result in a more serious error than is being guarded against. The last sentence 
of paragraph 4, page 255, says, that “fans shall be installed to maintain uniform 
temperature in all of these spaces with minimum circulation of air.” It is well 
known that the coefficient of heat transfer is very sensitive to air currents over the 
specimen and the method of air circulation should, therefore, be described in exact 
detail, as any difference on this point will result in quite serious changes in the 
coefficients. 

The second paragraph on page 255 evidently means that the temperature 
on the cold side of the specimen shall be zero, and on the hot side 80 deg. fahr., 
both of which temperatures are extreme for building walls, and it must be pointed 
out that it is almost impossible to secure the same temperature on two sides of 
the walls for different materials. Further, it is almost impossible to keep the 
temperature on either side absolutely constant during a given test. The writer 
would suggest that the Code permit of a temperature of from 0 to 20 deg. fahr. 
on the cold side and between 60 deg. fahr. and 80 deg. fahr. on the hot side, with a 
recommended temperature difference of perhaps 50 deg., if possible. In this same 
connection, attention is called to the 12th line on page 255 where it is stated that 
the mean temperature of the wall must not exceed 105 deg. fahr.; there seems to 
be no reason suggested in the Code for this high temperature and it must refer 
to walls being used for other purposes than ordinary buildings. It seems to be 
quite inconsistent with the statement in the paragraph above it, which gives 
a mean temperature of 40 deg. fahr., and with the paragraph in Part 2 which 
gives a mean temperature of 60 deg. fahr. 

The second paragraph of Part 3 states that the duration of the tests shall be 
from 2 to 4 hrs., but this ought to be carefully qualified, because, it is too short 
unless several hours running previous to the test period show that the temperatures 
are constant, which is equivalent to stating that the test should last for a longer 
period than specified. 

In the description of the construction of the guarded box it is recommended 
that the heating wire be wound on a cubical frame not to exceed 12 in. on a side, 
and this should be more clearly defined. The writer cannot see why this par- 
ticular construction is suggested. “ 

In Section 2, page 255, under Specimens for Tests the report says that, “The 
portion of the specimen through which the flow of heat is actually measured shall 
be at least 3 ft. x 3 ft.,”” whereas, in the construction of the guard box, it is stated 
that it must be 3 ft. x 3 ft. 

The last paragraph on page 255, refers to the thermocouples, but is very 
indefinite. No information is given as to the positions of the thermocouples and 
the code should state where they are to be placed. 

The writer hopes that the Code will receive very careful consideration before 
being adopted by the Society. If it is such that the laboratories can carry out 
the recommendations it will become of very great value and will be greatly wel- 
comed by all those working in this particular field, but if the Code is made in- 
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definite and as restricted as it is in its present form, it cannot be adopted in a 
practical way by the different laboratories, and they are not likely to work with 
it at all. 


R. H. Herman: The adoption of this Code by the Society should help to im- 
prove the conditions now existing in the low temperature field; if for no other 
reason than that of convincing future investigators of the advisability of deter- 
mining conductivity coefficients by a standard method and plotting of their re- 
sulting conductivity coefficients as a function of mean temperature, and not tem- 
perature difference. 


There is one statement made in the Code which I think should be changed, 
namely, the statement that “the temperature of the surfaces of the materials shall 
be regarded as that of the plates on each side.” Any one who has had actual 
experience in testing of heat insulations knows definitely that the temperature 
of the surfaces of the materials is rarely the same as the temperature of the plates, 
and that the conductivity values as calculated by the plate temperatures will 
usually give values of 5 to 10 per cent lower than the true conductivity of the 
materials tested, and especially when thin samples are used. 


One can readily see that it would be difficult to check over-all tests on a thick 
wall from conductivity values obtained on various relatively thin samples by the 
plate temperature method. 


One other item of less importance is the statement that “The construction of 
apparatus, and the procedure recommended by the United States Bureau of Stand- 
ards, JOURNAL of the American Society oF HEATING AND VENTILATING ENGI- 
NEERS, Vol. 26, No. 7, October, 1920, shall be followed.” 


This statement would eliminate other apparatus now in use which is, no doubt, 
equally or more accurate than the apparatus specified in the Code. 


It is very doubtful as to whether accurate coefficients of over-all heat transfer 
can be obtained by the guarded hot box. If this apparatus is to be recommended in 
the Code, and a standard mean temperature adopted, should not this standard mean 
temperature be the same in both cases instead of 60 deg. fahr. for the hot plate 
and 40 deg. fahr. for the hot box? 


It is highly desirable as recommended in the Code that coefficients of heat trans- 
mission be obtained for several mean temperatures of the wall, this should also 
be recommended for conductivity coefficients obtained on insulating materials 
by the hot plate method. The accuracy of the results in either case will be improved 
by a plurality of points at various mean temperatures with a line drawn through 
the average of the points. 


Pror. G. L. Larson: Until a few days before leaving Madison, I did not know 
that Prof. Kratz could not be here, but I received a letter from him appointing me 
as his attorney in presenting this Code. I shall not read the Code. I know that 
those who are interested in it have read it very thoroughly. In fact, according 
to the correspondence that Prof. Kratz turned over to me, some have read it so 
thoroughly they find a lot of things in it that are not there, and which were never 
intended to be there. Therefore, I am simply going to present the Code to this 
Society for approval or rejection and ask that the committee be discharged. 
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W. H. Carrier: I have no personal criticism to make with reference to this 
Code. I think that the members are all very capable and they worked very hard 
on this and their purpose is to get it before the meeting to add the criticisms and 
suggestions of other members which, of course, the committee undoubtedly will 
take into account. There is one suggestion that I have to make. The AMERICAN 
Society or HEATING AND VENTILATING ENGINEERS is not the only national 
society representing industries of great importance that are interested in a Code 
of this character. The refrigerating engineers use insulation and insulated appara- 
tus construction to a far more important economic end in a great many cases than 
heating and ventilating engineers. With the refrigerating engineer, this is an 
absolutely vital thing. It is just as vital as the performance of his equipment. 
The industries represented by refrigeration, including the ice manufacturer and 
household machines, all of which are vitally interested in insulation and proper 
methods of testing insulation requirements, represent in the neighborhood of a 
billion dollars a year business. The American Society of Refrigerating Engineers 
is not such a large society but they do represent the most forward of these 
interests. 

The American Society of Mechanical Engineers through their power department 
has also a very vital interest in a proper code of this character. I am sure all 
these societies will greatly welcome the constructive efforts of this Society and the 
initiative this Society has taken to produce a practical code for measurement which 
has never been satisfactorily settled and in which such chaotic conditions ad- 
mittedly exist. 

There has been a purpose of two or three organizations to tie together the inter- 
ests of the various societies in various lines of endeavor to a common effort. We 
have had our Boiler Code Committee that you know was fostered by the American 
Society of Mechanical Engineers. The American Socrety or HEATING AND 
VENTILATING ENGINEERS cooperated with them. The boiler manufacturers 
cooperated. As a result we have a Code which we believe is as near satisfactory 
as possible and which we are all agreed is very desirable. 


The same thing, in view of these outside interests, I believe, should be done 
with this. The machinery for this may lie in two distinct organizations. The 
first is the American Engineering Standards Committee who have fostered, for 
example, the standardization of the safety Code in refrigeration. It is true they 
arranged a representation from the American Society of Refrigerating Engineers 
and the American Society of Mechanical Engineers, and, I think, possibly civil 
engineers in that case. This Code has been made satisfactory to every one and I 
think is ready for final adoption. 


The other society which, I believe, is most fitted to handle this and*handle it so 
as to correlate the interests of all parties, your interest, the interest of the refrigerat- 
ing engineers, which is equally vital if not more so, the American Society of Me- 
chanical Engineers, of which there are various branches that are interested apart 
from heating and ventilating is the Heat Transfer Committee under the auspicea 
of the National Research Council. This Society has representation on that Coun- 
cil. -In fact, I am chairman of that committee at present. We have just raised 
a fund of $12,000 annually for three years, so that we can get into active operation. 
We now employ a paid technical executive to see that this work goes on in a 
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constructive way. We have an office and equipment. It is all very recent so it is 
all news to you. 


The intention is that we shall primarily cooperate with all the organizations 
that exist that are interested in this phase of the subject; not only the AMERICAN 
Society or HEATING AND VENTILATING ENGINEERS but the American Society 
of Refrigerating Engineers and the American Society of Mechanical Engineers 
all have representation, either have or will have, on this committee. 

In a case of this kind it would be necessary to appoint a committee representing 
various interests and I would like to see that carried out through the Heat Trans- 
fer Committee of the National Research Council. I believe that is the logical 
place. The idea of that committee is to correlate all these efforts and I am sure 
in your work it is one of the objects to get such assistance and help on the part of 
others and to correlate the work so that whatever is accepted here will be a uni- 
versal standard for all the societies that are interested in the whole United States. 
I know that you will appreciate that it will be a great honor and a great privilege 
of this Society to propose a Code with perhaps some of the changes that have 
been offered here today consideration for such a body so that when this considera- 
tion is given and the sign of approval given by the various organizations interested 
through such a committee, you will have something that will be nation-wide for all 
industries and then we may eventually have it world-wide. 


I believe it will be a great achievement of the American Socerry or HEATING 
AND VENTILATING ENGINEERS to cooperate that way. My suggestion is that you 
not adopt this code as it is here today or even as it is amended until it has been 
received and accepted as it undoubtedly will be with very slight suggestion and 
change through some such national organization correlating all the efforts of the 
various societies. 

I would like to make a motion to that effect that action be postponed until 
accepted as standard by the other societies. I assure you with the present ma- 
chinery we have we will push this right through. I would also like to suggest 
in my motion that at least two members of the American Society or HeatinG 
AND VENTILATING ENGINEERS, probably the Director of Research and one or two 
others, be delegated to act on that committee which will be formed through the 
Research Council, and represent this Society, the Refrigerating Engineers and the 
American Society of Mechanical Engineers. Let us make this thing universal 
and general. 


W. S. Trwmis: I take pleasure in seconding the motion. I would like to add 
with the consent of the proposer that the American Institute of Architects might 
be interested in this subject, because when the matter of insulation has been 
thoroughly brought to the attention of the architects they can take advantage of 
that in designing their buildings, and if Mr. Carrier has no objection I would like 
to have a committee from the American Institute of Architects represented on that 
matter. 


Mr. Carrier: I am perfectly agreeable to that. 


Pror. Aneus: Before that motion is put, might I say something? If you 
refer that to a committee in which the National Research Council of the United 
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States alone is represented, we on the other side of the line will be left out. We 
Canadians are supposed to have a colder country than the United States, and that 
is generally true, so that we are greatly interested in this matter of heat insulation. 
I ask that you include in the motion a representative of the National Research 
Council of Canada. 


Mr. Carrier: I will accept that amendment. 


Pror. F. B. Rowtey: The Code, as now presented, is very nearly the same as 
the one tentatively adopted by the Society last spring. At that time some of 
these same objections came up, but as far as I know, none of them have since been 
presented to the Code Committee which was retained for the purpose of making 
any revisions necessary and getting a workable Code. There is no question but 
what there has been a great difference in the results obtained by tests on the same 
material, due to different methods or different interpretation of the results. 
Twenty per cent or more is not uncommon. For instance, a wide variation may 
be accounted for by the mean temperature used. As I understand it, the reason 
60 deg. was taken by the Committee was in order to get down nearer to the tem- 
peratures at which these materials are to be used. 


PRESIDENT ANDERSON: I desire to raise a point of procedure. Are you speaking 
to this motion of Mr. Carrier’s? 


Pror. Row ey: I was discussing the Code in general. 


PRESIDENT ANDERSON: While we were discussing the Code I accepted the motion. 
I may have been in error in that, but as long as that motion has been accepted, 
I will have to deal with it now. 


Mr. Carrier: I will withdraw my motion and make it at the end of the dis- 
cussion. 


Pror. Row.ey: Sixty degrees is a temperature which can be used in the lab- 
oratory by proper precautions against condensation. Some of the points which 
have been brought up against the Code are more or less criticisms of the details 
of construction and probably need not be discussed. 

Professor Angus brought up the point that the size of the specimen was only 
3 ft. square. As a matter of fact the specimens are 5 ft. square, the outer portion 
which is the most inaccurate, on account of end losses, is eliminated from the 
final results. These results will naturally be more accurate than would be the 
case if we took the average for the full wall section. 

The question of the Society adopting or not adopting this Code is one of the 
necessities of getting down to some standard method whereby results can be 
obtained and reported with a reasonable degree of accuracy and uniformity. 
This Code was accepted tentatively last spring with the idea of using it until some 
better form could be prepared. If we throw it over now, there is no telling when 
we will get further action. It will leave all of the insulating material men and all 
of the laboratories that are doing this work without any standards to go by. 

It seems to me that the proper thing to do, regardless of these details which can 
be ironed out later, is to adopt the Code as a tentative working Code. Any Code, 
as an example of boiler Code for the American Society of Mechanical Engineers, 
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must be a living thing. It must be something that can be changed as we find 
better methods of testing and extend our knowledge of the subject. We must 
keep it up to date but we are not going to get very far if we shelf it or lay it on 
the table and leave it for some future generation to tackle. 

My suggestion is that it be adopted as it is at least as a tentative code. I do 
not think that anybody wants to adopt a code that is not fair to all concerned. 
It is a matter of getting something that we can work by. We have been at this 
for a long time and to side track it now may mean another long delay. 


Pror. Larson: May I speak a few words in behalf of the committee? Sugges- 
tions have been made here that the size of the box be not definitely stated and 
also that the mean temperature be variable depending upon the conditions under 
which other laboratories work. That is more or less what we tried to get away 
from, and is the difficulty that the insulating manufacturers have at the present 
time. The reason this committee was born was to bring out some more standard- 
ized method so that these manufacturers could advertise their product based upon 
tests made under standard conditions. The trouble is now, as I see it, that the 
advertising matter that is coming out on insulation is based on so many variable 
types of tests, different sizes of boxes, different constants, different temperatures 
of test, that they felt the need of something definite in order that the results might 
be a little more relative. 


Pror. Ancus stated that the size of the box should not be definite and then in 
the next sentence he stated that the location of a fan and the thermocouple should 
be very definitely stated. I don’t see how you can be consistent in that kind of 
an arrangement. 


PRESIDENT ANDERSON: Prof. Rowley referred to the Boiler Code of the 
A.S.M.E. which was started before we were born and it was only a few years ago 
that they finally put it in definite shape. So that we haven’t been so slow in the 
development of this Code after all when you consider how other societies have 
taken plenty of time in the formation of engineering codes. 


J. H. Bracken: Prof. Rowley anticipated much of what I was going to say. 
If you will pardon me for stating what I think is this Society’s interest in this Code, 
it is this, to get the accurate statement of the heat coefficients of individual ma- 
terials so that by the use of a formula we can determine the overall heat trans- 
mission through this wall or that wall or any other wall. The determination of 
those unit coefficients is best achieved (and I have heard nothing stated in criti- 
cism against this claim) by means of the hot-plate test. In fact, all the criticism 
deals with refinements only of this test. 


No man has stated that these methods are incorrect or should not be adopted. 
Toward the hot-plate test only two criticisms have been made. One is the mean 
temperature of 60 deg. fahr., and the difficulty of maintaining a low temperature 
on the cold side of the plate in summer because of the dew point (the condensing 
of moisture and that sort of thing, and the other is testing the materials dry). 

Well, now the criticism we have had of the coefficients published by various 
persons and technical schools is that the same material, this piece of paper, for 
example, is tested in Toronto and in New York and San Francisco and New Orleans 
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and different results are published. The results should certainly be the same 
for this individual piece of paper, but they are not. If you take this piece of paper 
and everywhere follow the methods that are laid down in this test, you certainly 
ought to get a comparable result. To say that we shouldn’t test the material 
bone dry is to say that we shall leave in each sample an undetermined factor, an 
amount of moisture which nobody is to determine, which may be 15 per cent in 
New Orleans and may be 2 per cent in Toronto. I don’t see any use in that. 
If it is true that these materials afterward accumulate moisture, then we will have 
to have another determination entirely separate from this sort of thing in order to 
add another factor for the walls, for the moisture content, but that is no criticism 
to bring up against this Code whatever. 

I should like to see the Code adopted. I am very much in favor of having it 
brought to the attention of the other societies as Mr. Carrier suggests. We have 
been thinking about this Code and looking over it for a very long time and it seems 
to me this is the best thing that has yet been produced. 


PRESIDENT ANDERSON: Any other comments? I must confess I am not able 
to sense the views of the meeting. It seems to me there have been so many ideas 
interjected into this discussion. I do not want to be in the position of forcing 
the adoption of the Code, nor do I want to be in the position of passing it over and 
continuing unnecessarily further consideration. 


A. A. Apter: The present Code as it stands now is a job that is done. Why 
not adopt it? If you want to be cautious, call it a tentative Code, but adopt it now. 
It is no reflection on the ability of other organizations because they have not been 
invited in writing this Code. I have seen the start and finish of many codes, 
including the Boiler Code. The latter was out of date when it was adopted and 
because it must follow the developments of the art, is continually out of date. 
Just as soon as the pressure gets great enough, a revision brings it up to date and 
by the time it is adopted, it is again out of date. This committee will have to 
continue to function as long as the Society exists. In justice to the men who have 
given so much time to write it I think it a matter of courtesy for us to accept the 
Code as a Code. Mr. Carrier’s suggestion requesting other organizations to 
assist in revising it may be considered as the start of a new job. I will make that 
as a motion, Mr. President. 


PRESIDENT ANDERSON: Make what a motion? 

Dr. Apter: That we adopt the Code tentatively and invite the other societies 
to assist in its revision. 

Pror. Larson: I will second the motion. 

H. M. Harr: I wanted to say that I second the motion not from a standpoint 
of courtesy. I never knew this Society to feel courteous toward anybody. But 
as near as I can see if materials are tested by this Code we will have a fairly true 
measuring stick for determining coefficients of transmission and that is what we 


are seeking. For that reason alone I second the motion and I hope it will carry. 
I will also be glad to vote in favor of Mr. Carrier’s motion. 


8. R. Lewis: I can answer for the Committee on Research that this committee 
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will be kept alive and that the suggestions which have been offered here will be 
incorporated. 

I am glad to say that there are already in our possession a large number of tests 
that have been made at the University of Minnesota tending to improve or change 
this tentative Code. 


D. K. Boyp: Speaking as an architect, I am very glad that the subject was 
brought up of having the American Institute of Architects included in the organi- 
zations to which this Code would be referred. Speaking to the motion to have 
this Code tentatively adopted I want to say that there is to be a meeting tonight of 
the manufacturers of insulating materials at which I will be present as consulting 
architect to the MacAndrews & Forbes Co. That meeting hopes to be able to 
definitely refer to this Code which will thus give all of the manufacturers a yard- 
stick, 2s was so well pointed out, by which they can measure the efficiency of their 
products at this time and the results of which can be expressed in comparable 
terms. 


Mr. Carrier: I would like to make a motion that this Code be referred to the 
Committee on Heat Transfer of the National Research Council for its consideration, 
inviting in other societies and interests who are interested in the Code, namely, 
the American Socrery or HeatinG AND VENTILATING ENGINEERS, the American 
Society of Refrigerating Engineers, the American Institute of Architects, the American 
Society for Testing Materials, the American Society of Mechanical Engineers and 
the Canadian Research Council. 


Mr. Boyp: You misconstrued my remarks before. I was speaking in support 
of the adoption of this as a tentative standard, because it can then be definitely 
referred to at a meeting which is to be held tonight, but, speaking to your present 
motion, it would seem to me that to close the doors by specifically naming five 
different organizations to the exclusion of perhaps some one or two others which 
might be later interested, would be unwise. 


Mr. Carrier: And others that may signify their interest. 


Mr. Boyp: If that motion could be amended to say ‘“‘others who may be inter- 
ested” I would so amend. 


Mr. Bracken: Do you think it would clear up the matter if we had some state- 
ment from Mr. Carrier as to what will happen after it is referred to these societies? 


Mr. Carrier: The plan is to have this Society refer this to the National Re- 
search Council, and through its Heat Transmission Committee, secure universal 
acceptance of this Code by all the Societies interested. 


PresipENT ANDERSON: The motion then is this: that this matter be referred to 
the National Research Council through its technical committee known as the Heat 
Transfer Committee, with the distinct purpose of getting the cooperation of various 
interested Societies and others to prepare the Code in some permanent shape that 
will be acceptable to all interests. 


The motion was carried. 


H. M. Hart: That carries with it that our present committee is to be con- 
tinued. 
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Mr. Carrier: Oh, yes. And the report submitted back to this Society and its 
committee for any further adoption or rejection as they see fit. Of course, this 
Society will have its very ample representation on this committee. What actually 
will occur, to answer this question—immediately on receiving it we will ask these 
various societies, including your own, to appoint representatives on such special 
committee and the meeting will be held at the earliest possible date, probably 
within one month and as fast as they can come to any fair agreement on this 
matter in sections, we will adopt the Code. 


PRESIDENT ANDERSON: Mr. Hart, I would be glad to have your motion as a 
separate motion. 


Mr. Hart: I move that the present committee be continued. 


Mr. Lewis: I don’t see why it is felt necessary to usurp the privilege of the 
chairman of the Committee on Research. I promised you that we would see that 
the committee was continued. If Mr. Kratz declines, we will put some one else 
on. Why must we compel him to accept if he doesn’t wish to? 


PRESIDENT ANDERSON: I take it that the spirit of the motion is that we con- 
tinue this committee. 


The motion was carried. 


Mr. Boyp: In acquainting the other organizations with the Code I assume that 
they will also be furnished with printed copies of the discussions which have taken 
place here today such as those about the size of the plates and specimens and all 
others that may be sent in writing. 
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across a paragraph in a specification in which the following words occurred, 
although they may differ slightly in arrangement. ‘The contractor shall 
guarantee to heat the building to 70 deg. in zero weather.” 

No self-respecting engineer would today issue a specification with this clause. 
That it is meaningless from an engineering point of view is quite obvious to any 
one who understands heating and ventilating. There was, however, a time when 
the use of this clause very closely approached 100 per cent of the specifications 
issued. 

In the days before the Society had been formed, and in the days of its infancy, 
the common rule for figuring the heat loss was first, cubic contents, afterward the 
Mills rule and then the Carpenter rule. But today, heat loss can be determined 
with reasonable accuracy, if the type of construction is known and the workman- 
ship is good. In the future, instead of the heating contractor being held responsible 
for the heating of the building, the heating contractor will be in a position to demand 
that the building contractor so construct his building that the heat loss be that 
which the engineer figures it should be. 

Tue Guin, 1928, has a number of tables that are very accurate as to the B.t.u. 
loss through various types of building construction, insulation and other materials, 
and has a number of pages showing the amount of losses for various combinations 
of structures. 

The heat loss coefficients that are given in the 1928 issue of Tae Guipe are from 
such eminent authorities as U. S. Bureau of Standards; Willard, Lichty and 
Harding; Peebles, Norton and others. 

Mr. P. Nicholls, formerly of the Society’s Research Laboratory at Pittsburgh, 
developed a meter that can be installed in any room and the actual heat loss through 
an existing wall or other structure can be determined to a degree of accuracy that 
would have been deemed impossible a few years ago. It will, therefore, readily be 
seen that if the engineer can determine by calculation what the heat loss should be 
and after the construction, check these conditions, he will stand on firm scientific, 


tor is hardly a man present who has not at some time in his life come 


1 Engineer, Mensing & Co., Philadelphia, Pa. 
Presented at the Annual Meeting of the Ammgrican Socrety oF H&ATING AND VENTILATING 
Enoingers, New York, N. Y., January, 1928. 
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as well as practical ground, and then demand that the building be constructed to 
limit the escape of heat. 

The heating engineer is not only being faced with the problem of properly heating 
the building, but also of insulating it. This problem of insulation is one that cannot 
be solved by the architect or building contractor. The mere application of insulat- 
ing material to a building will not give the owner of the building the answer to his 
problem; for, as can readily be seen, should the cost of insulating material be 
such that it would be cheaper to burn coal than insulate the building, it would be 
a waste of money to insulate. 


Insulation from a commercial standpoint is not a problem of saving coal, but 
of saving dollars in the first and operating cost, and although coal costs money, 
there is a distinction as well as a difference. It is the purpose of this paper to try 
to show how the problem of insulation of a building should be approached that the 
owner may receive the greatest possible benefit per dollar of expenditure. 

Before going into the problem of insulation, some of the terms used in the B.t.u. 
method of calculation will be defined. 

Heat losses from building occur through the building construction by radiation, 
conduction and convection. Heat always passes from a higher to a lower tempera- 
ture. If the temperatures are the same on both sides of the wall, there will be no 
transfer of heat. Therefore, the greater the temperature difference, the greater the 
rate of heat transfer. Take for example, a room with 13-in. brick wall furred and 
plastered, one wall exposed and heated with a direct cast-iron steam radiator. 
The steam in the radiator being of a higher temperature and in contact with the 
cast iron, the heat passes through the cast iron by conduction, and is given off on 
the outside of the radiator by radiation and convection. 

Radiation passes from the radiator in straight lines, through the air without 
appreciably heating it, to the walls and other objects in the room, giving up its 
heat to them. The air in contact with the radiator absorbs heat and by its differ- 
ence in temperature will circulate through the room, giving up its heat to the cooler 
wall and objects. This is called convection. 


The heat has now been traced to the walls. There being only one exposed wall, 
this is the only one in which any transfer of heat will take place. The inside plaster 
wall has received its heat by radiation and conveetion, and will transfer the heat by 
conduction through the plaster to the furred space where it will again pass through 
the air in the furred space by radiation and convection to the inside surface of the 
brick wall, and then through the brick wall by conduction, and be given off on the 
outside of the brick wall by radiation and convection. There is a drop in tempera- 
ture through each of the various steps just described. 


The combined coefficient of radiation and convection in the examples to follow 
will be cailed K, and the coefficient of conduction will be called C. The infiltration 
of air around the doors and windows must also be considered and just a brief de- 
scription of how the coefficients for the various materials are obtained will be given. 

There are two methods used at present, one is called the hot box, and the other 
the hot plate. With the hot-box method, there are two boxes; one smaller than 
the other. The smaller one contains the heating elements and is built inside of 
the larger one. Both boxes have one open end in the same plane and open into 
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a room that is cooled by a refrigerating system. The material to be tested is 
placed over the open ends of the boxes. After the temperatures are adjusted, so 
that the rate of heat flow is constant, the engineer can by the use of instruments and 
thermocouples get the coefficients desired. In the hot-plate method, there is a 
heating element either an electrical or steam hot plate with the material to be 
tested placed on each side of the plate and a cooling section again placed on the 
outside of the two test sections. These sections are all clamped together. By 
measuring the temperatures in the hot plate and in the cooling plate, the rate of 
* heat transfer is obtained. There is one thing that should be done that is not being 
done now, and that is to test the material at the temperatures they are going to be 
used. 

It is known today that by insulating a wall or roof with some kind of insulating 
material, quite a saving in heat loss is possible. Every one knows that cork is a 
good insulating material, but rather expensive. There are on the market today, 
insulating materials that equal or very closely approach the insulating qualities 
of cork and they are cheaper, and in many cases more easily applied. Insulation 
may be classified under five different headings as follows: 


1. The loose or dry, powdery type. 

2. The poured or gypsum base, where the material is mixed with water and 
poured into place with forms. 

3. The quilted, where the material is stitched between two layers of paper or 
some similar material. 

4. The felted, where the material is in a semi-pliable condition and very similar 
to a heavy felt. 

5. The board or semi-rigid type, which is often used in place of lumber. 


The various types of insulators having been defined, now consider some of the 
places they might be used. It is very essential to pick the proper insulator for a 
specific job. All insulating materials have their use, but any one particular kind 
will not answer for every purpose. 

There is one important thing to remember, and that is, there are no insulators 
known that will not absorb moisture if brought in contact with it, and some in- 
sulators will absorb more than others. Then, if a room or factory in which the 
process of manufacture either requires or results in a high humidity, the insulator 
should be protected by some water-proof material. The walls and ceiling construc- 
tion are naturally cooler than the air in the room, and will cool the air. If the air is 
cooled down to the dew point, water will be deposited on the surface of the insulator. 
When the insulator absorbs moisture, its insulating value is practically destroyed. 

Vermin is another thing to be considered in using an insulator. If the product 
being manufactured in the building will attract vermin, then an insulator should 
be used that will not harbor them, and one that is difficult for them to destroy. 

Fire hazard is another question to be considered. If the risk is great, it is better 
to use an insulator that is fire retarding. Some of the insulators on the market 
today are either fire retarding or slow burning. 

For a practical problem consider a small factory of modern construction. The 
walls are usually of brick or concrete without any furring or plaster on the inside. 
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This makes it almost impossible to do anything in the way of insulating without 
considerable extra expense. It is hard to justify insulation on the walls of a modern 
factory as the exposed glass area will run anywhere from 50 to 75 per cent of the 
total exposed wall area. This does not leave much wall surface to be insulated. 
One square foot of glass in this type of construction is equal in heat loss to about 
4 sq. ft. of 13-in. plain brick wall which shows that the window is the greatest 
source of heat loss. The window problem is a big one and until heavier and better 
windows that will not leak or warp are made, the engineer is helpless. There is 
one place in the factory that insulation can and should be used, and that is on the 
roof. As there is a higher temperature at the ceiling, naturally there is a greater 
heat loss at this point which justifies the use of insulation. 

In the home, the wall construction is such that it is easier to install insulation as 
the glass area will vary from 15 to 25 per cent of the total wall depending on the 
design. This gives a larger percentage of wall surface to insulate. The home is a 
place for comfort and engineers are justified in spending a little more here than on 
the factory wall. Insulation not only saves fuel, but tends to give a more uniform 
temperature throughout the house and helps to stop infiltration through the wall. 
In tests made at the A.S.H.&V.E. Research Laboratory, it is shown that a 13-in. 
plain brick wall under pressure of a 15-mile wind will leak about 7'/, cu. ft. of air 
per hour per square foot of wall surface. This same 13-in. brick wall with furring 
and plaster will leak about 0.21 cu. ft. of air per hour per square foot of wall, and 
by using insulation, this leakage should be still further reduced. This alone means 
quite a saving. 

In schools the walls are often of such construction that insulation can be easily 
applied. Here the glass area will run about 45 to 55 per cent of the total wall. 
Insulation cannot be justified if it is necessary to go to too much extra expense. 
That statement applies to the climate of Philadelphia and the use of cheap fuel. 
If the cost of fuel is high, and the temperature difference is great, it is very much’ 
easier to justify the use of an insulator as will be seen later in this paper. 


Where should the insulator be placed in the wall? The best way to install the 
insulation from the standpoint of efficiency of heat transmission is to place it in the 
center of an air space, so that it will divide the air space into two smaller air spaces. 
This gives what is commonly called two dead air spaces. Still air is a very good 
insulator, but due to methods of building construction it is almost impossible to 
get still air. When heat is applied to one side of the wall, it is transmitted through 
the material by radiation and conduction and the air next to the warm wall becomes 
heated and starts to circulate giving up its heat to the cold wall by convection. 
Just what the correct width an air space should be is not known, but it is thought 
that about 1 in. is correct for most materials. The materials facing the air space 
would have some effect on the width. If strips could be placed in the air space, 
dividing the wall into several smaller spaces, it would tend to cut down the con- 
vection currents. The Laboratory at Pittsburgh has been running some tests 
with the heat meter in some of the homes of the Westinghouse employees. 
These homes are heated by electricity, so that will give a very good check on 
the present figures. 


A few examples to see if insulation can be made to pay will be given. eins 
that the building has 13-in. brick walls with furring, metal lath and */,-in. of plaster. 
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The first thing to figure will be the heat loss constants using the coefficients K and 
C that were obtained by tests on the materials in question. (Fig. 1.) 
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Fic. 1. CALCULATION SHEET FOR UNINSULATED WALL 





Now take a 13-in. brick wall, furring with '/,-in. of insulation used as a plaster 
base and a '/--in. plaster. (Fig. 2.) 
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Fic. 2. CALCULATION oF Heat Loss FoR WALL wITH !/2 IN. OF INSULATION 





Then take a 13-in. brick wall with 1 in. of insulation used as a plaster base and 
1/, in. of plaster. (Fig. 3.) 

Now that the heat constants have been obtained, the cost of construction of the 
various walls must be investigated. The cost of the brick wall will be the same in 
all cases, and the only cost that must be considered is the difference in the cost of 
the metal lath and plaster, and the insulation as a plaster base with plaster. 
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The cost of the metal lath construction is as follows: 


Plaster _ $1.35 
Metal lath 0.20 
Labor 0.20 


$1.75 per sq. yd. or $19.44 per 100 sq. ft. 


The cost of '/; in. of insulation as a plaster base is as follows: 


Plaster $1.15 
1/,-in. insulation 0.50 
Labor 0.10 
Wire 0.15 


$1.90 per sq. yd. or $21.11 per 100 sq. ft. 


The wire referred to in the example is the ordinary galvanized chicken wire 
with about a l-in. mesh. This is stretched tight over and nailed to the plaster 
base insulation. This is done to prevent large cracks in the plaster at the joints 
in the insulation. If the wire is not used and if there is any vibration, shrinking or 
settling of the building material, the plaster will crack at the joints. The wire acts 
as a reinforcing for the plaster and divides the cracks up so that they appear only 
as very fine hair cracks. 
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Fic. 3. CALCULATION oF Heat Loss oF WALL WITH 1 IN. oF INSULATION 





Doubling the thickness of insulation, the cost is as follows: 


Plaster $1.15 
2 layers insulation 1.00 
Labor 0.20 
Wire 0.15 


$2.50 per sq. yd. or $27.77 per 100 sq. ft. 
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The cost of fuel will be taken on the basis of 2'/, tons of coal per 100 sq. ft. of 
steam radiation per heating season of 210 days or 0.0225 tons for 1 sq.ft. peryr. As 
a basis take No. 1 buckwheat coal at $7.50a ton. Then 0.0225 x 7.50 = $0.169 per 
sq. ft. per heating season. The cost of radiation will be $2.00 per sq. ft. in place. 
The amount of radiation for the different types of wall considered are as follows: 


Metal lath area = 5.4 sq. ft. rad. per 100 sq. ft. wall. 


0.147 x 70 x 100 
240 


0.120 x 70 x 100 
240 


1/,-in. insulation = 4.3 sq. ft. rad. per 100 sq. ft. wall. 


Two layers insulation = 3.5 sq. ft. rad. per 100 sq. ft. wall. 


Now figure the cost per year per 100 sq. ft. of wall, considering the cost of fuel, 
interest at 6 per cent on additional building investment and depreciation on the 
heating system over a 20-year period. This will give a comparison of the cost of 
100 sq. ft. of wall. 


The figures used here on the costs of plastering were obtained from a reputable 
firm of plasterers in Philadelphia. 


13-in. brick wall with metal lath: 


Plaster, metal lath $19.44 
5.4 sq. ft. radiation at $2.00 10.80 $0.54 Depreciation 
Coal per year, 5.4 sq. ft. at $0.169 0.91 Fuel cost 





$30.24 $1.45 Annual operating cost 


13-in. brick wall with one layer of '/:-in. insulation: 
Plaster, one '/;-in. layer insulation 


and wire $21.11 $0.10 Interest additional build- 
ing investment 
4.3 sq. ft. radiation at $2.00 8.60 0.43 Depreciation 
Coal per year, 4.3 sq. ft. at $0.169 0.73 Fuel cost 





$29.71 $1.26 Annual operating cost 


13-in. brick wall with two layers of !/:-in. insulation: 
Plaster, two '/;-in. layers insulation 


and wire $27.77 $0.50 Interest 
3.5 sq. ft. radiation at $2.00 7.00 0.35 Depreciation 
Coal per year, 3.5 sq. ft. at $0.169 0.59 Fuel cost 





$34.77 $1.44 Annual operating cost 


In the example given the wall with '/,-in. layer of insulation at a cost of $1.26 per 
100 sq. ft. of wall will give the cheapest installation. 
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Nothing has been added in the figures for taxes as they would be constant. The 
tax assessor seldom knows how the wall is constructed. His figure is usually based 
on the size, location and type of building. 

Depreciation on the additional building investment has not been figured in tee 
the following reasons: The U.S. Income Tax return does not allow a person to figure 
depreciation on his home, but does allow 2 per cent on factories and other buildings. 

It is very seldom that a building lives its full useful life, due to obsolescence. A 
building may become obsolete for the purpose for which it was built, and be torn 
down and replaced by a different type of building at a time when the walls were as 
good as when built. It would be hard to say what figure to use for obsolescence. 
Should any one care to add these factors, they should be added in with the interest 
on the additional building investment. 

In the example, should the calculations have been figured the use of a fuel costing 
$15.00 per ton the annual operating costs would then be: 
13-in. brick wall with metal lath: 

$0.54 Depreciation 
1.82 Fuel cost 


$2.36 Annual operating cost 


13-in. brick wall with one layer of '/:-in. insulation: 
$0.10 Interest additional building investment 
0.43 Depreciation 
1.46 Fuel cost 


$1.99 Annual operating cost 
13-in. brick wall with two layers of 1/:-in. insulation: 
$0.50 Interest 
0.35 Depreciation 
1.18 Fuel cost 


$2.03 Annual operating cost 


In the example cited, using $15.00 per ton fuel, the wall with only '/;-in. layer of 
insulation will give the cheapest installation. 

There is one thing that the author wants to make clear, and that is that this is 
only a method of figuring. Every case should be figured and proved out. The 
figures used here are not correct for every location and type of constructicn, but may 
be varied to suit local conditions and types of construction. Any or all figures 
may be changed such as cost of radiation, cost of fuel, depreciation on heating sys- 
tem, rate of interest on additional building investment or the cost of building 
construction. 

The ceiling will also show something that will be of interest. Take, for example, 
a roof of the following construction, one that is common in the Philadelphia home. 
Tar paper, slag, 1-in. roof boards, 2 x 6 joist with the lath and plaster ceiling sus- 
pended on 2x4in. The air space will vary from 12 to 24 in. The heat loss on 
such a roof is as follows: 
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Fic. 4. CALCULATION OF HEAT Loss THROUGH ROOF 


The same roof with '/,-in. layer of insulation as a plaster base will give a heat 
loss constant as shown in Fig. 5. 
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Fic. 5. CALCULATION OF HEaT Loss THROUGH INSULATED ROOF 


Now the same roof with two '/,-in. layers of insulation and plaster will be figured. 
The heat loss constant will then be as indicated in Fig. 6. 

The cost of the various ceiling constructions will be the same, for the only thing 
that is being changed is the plaster and plaster base. Now the amount of radiation 
that each ceiling requires can be determined. Here the ternperature difference 
will be greater, as the temperature increases about 1 deg. per foot of height and 
with an 8 ft.-6 in. ceiling and a temperature of 70 deg. at the 5-ft. line, the tempera- 
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Fic. 6. CALCULATION OF HEaT Loss THROUGH RooFr INSULATED WITH Two !/,-IN. 
LAYERS OF INSULATION 


ture at the ceiling will be about 74 deg. The amount of radiation for the different 
types of ceilings are as follows: 


Metal lath = <a LP a 7.96 sq. ft. radiation per 100 sq. ft. ceiling 





0.189 x 74 x 100 
240 





1/,-in. insulation = 5.83 sq. ft. radiation per 100 sq. ft. ceiling 


0.147 x 74 x 100 
240 





Two layers insulation 


ceiling. 


= 4.53 sq. ft. radiation per 100 sq. ft. 


Now figure the cost per year per 100 sq. ft. of ceiling, considering the cost of fuel, 
interest at 6 per cent on additional building investment and depreciation on the 
heating system over a 20-year period. This will give a comparison of the cost of 
100 sq. ft. of ceiling. The price of coal and the cost of radiation in place and the 
cost of plastering will be figured the same as in the previous examples for walls. 


Ceiling with metal lath: 
Plaster metal lath $19.44 
7.96 sq. ft. radiation at $2.00 15.92 $0.80 Depreciation 
Coal per year, 7.96 sq. ft. at $0.169 1.35 Fuel cost 





$35.36 $2.15 Annual operating cost 
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Ceiling with one layer of 1/:-in. insulation: 
Plaster, '/,-in. layer insulation and 


wire $21.11 $0.10 Interest 
5.83 sq. ft. radiation at $2.00 11.66 0.59 Depreciation 
Coal per year, 5.83 sq. ft. at $0.169 0.99 Fuel cost 





$32.77 $1.68 Annual operating cost 
Ceiling with two '/:-in. layers of insulation: 


Plaster, 2 layers '/.-in. insulation $27.77 $0.50 Interest 
4.53 sq. ft. radiation at $2.00 9.06 0.45 Depreciation 
Coal per year, 4.53 sq. ft. at $0.169 0.77 Fuel cost 





$36.83 $1.72 Annual operating cost 
In the foregoing examples for ceilings, the one with the one '/--in. layer of insula- 
tion and a cost of $1.68 per 100 sq. ft. of ceiling will give the cheapest installation. 
In the case of the ceiling, using fuel at $15.00 per ton, the annual operating costs 
would be: 


Ceiling with metal lath: 
$0.80 Depreciation 
2.70 Fuel cost 
$3.50 Annual operating cost 
Ceiling with one layer of '/:-in. insulation: 
$0.10 Interest 
0.59 Depreciation 
1.98 Fuel cost 
$2.67 Annual operating cost 
Ceiling with two '/:-in. layers of insulation: 
0.50 Interest 
0.45 Depreciation 
1.54 Fuel cost 


$2.49 Annual operating cost 


In the examples for ceiling, using fuel at $15 per ton, the one with two !/,-in. 
layers of insulation will give the cheapest installation. 

This is a very fair way to make the comparison, as the saving in the cost of fuel, 
saving in cost of radiation, saving in depreciation on radiation and the interest on 
the additional building investment have all been taken into consideration. 


Insulation will also help to keep a house cooler in the summer by reducing the 
radiant heat from the sun through the wall and roof. There has been no attempt 
made to figure or show what this value would be in this paper. 

Some engineers, no doubt, will not agree with me on the figures used in the prob- 
lems, but they have been taken from Tae Guipz, 1928, which is very complete, and 
has a lot of new heat transmission factors and tables, so it will not be necessary to 
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figure them out as we have done in this case. THe Guipe is rapidly becoming the 
leading textbook in the heating and ventilating field, and I hope the time will soon 
come when every one will use it as a standard, so all of us will be working on the same 
basis. 


DISCUSSION 


R. H. Heruman: I have not had a chance to read this paper thoroughly, but 
there is one item I have noted which is worthy of discussion. This is the matter 
of surface resistance. At the top of page 273, Mr. Sanbern calculates the 
heat transmission through a 13-in. brick wall with furring, metal lath and */,-in. 
plaster. 

He uses a value of 1.34 for K,, Ks, and K; or for the first three surfaces. This 
value is not correct for K; and probably not correct for Ki. 

If we assume 1.34 for K2 as correct, then the value for K; should be considerably 
lower than 1.34 since K is the combined coefficient of radiation and convection. 
The radiation from one surface to another depends upon the difference of the fourth 
powers of the absolute temperatures of the two surfaces and, therefore, for the radia- 
tion alone the factor for surface (2) is tied up with surface (3) and cannot be sepa- 
rated. Since the radiation is at least 50 per cent of the total heat loss, it leaves 
only 50 per cent for the convection loss from surface (3) and K; should be only 
0.67 instead of 1.34. It is very probable that the value will be even lower than 
0.67. 

Mr. Sanbern has no doubt obtained his values from the A.S.H.&V.E. Guipeg, 
where it is stated in Chapter I, p. 11, “In the case of air space construction, two 
additional surface coefficients for each air space must be inserted in either equation 
(5) or (6). These surface coefficients may be taken the same as K; (still air) values 
for the materials forming the sides of the air spaces.” 

Practically all engineers calculating heat losses through walls use this method 
of figuring. 

The change in the total heat transfer by using the correct surface values may be 
relatively small in some cases, but may become quite important in other cases, 
and the determination of the correct values to use is surely worthy of the con- 
sideration of the Society. 
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of homes. It was not so long ago that the sleeping chambers and parts 
of the living quarters in a home were closed off from the heated portion. 
The kitchen range and a stove in the living quarters have given way to a central 
heating plant and with the central heating plant came the heating of the entire 
home. With the additional heating load there followed, of course, a decided in- 
crease in the size of heating plant and in the amount of fuel consumed per season. 
Engineers have met all of the heating problems as they arose and have arrived 
at the size of heating plants by the experiences they received in making installa- 
tions. Rule-of-thumb methods for the determination of the size of the heating 
plant were evolved. Some of these methods were good and some were decidedly 
bad; the results of their general application being that today there are many 
homes which are either over- or under-equipped with radiation, in whole or in part. 
Among the formulae used was that of R. C. Carpenter: 


ihn (4% +4) (T, — t) 


This formula has been extensively used and with much success. The formula 
is based on a heat transmission of 0.25 B.t.u. per sq. ft. per deg. fahr. per 
hr. for the wall, as is also the formula of the late J. R. Allen: 


n= (Z+@)q-wn 


The factors in these formulae are recognizable by the engineer. It is found that 
the average engineer bases the radiation on a heat loss of 0.25 for walls. 

About fifteen years ago insulation, which had previously been considered only 
in the refrigerator field, made its entry into building construction and began to 
make itself felt as a factor in the field of heating. The non-insulated wall of 
0.25 was covered with about '/: in. of average insulation which has a conduc- 


D erie G the last quarter century great progress has been made in the heating 


1 Mechanical Engineer, Flaxlinum Insula’ Co., St. Paul, Minn. 
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tivity of about 0.30. This, then, brought the heat transmission down to K = 
1 

1, 05 0.25 
0.25 0.30 0.30 
maximum number of air spaces. With the proper application, the air spaces 
in a wall are equivalent to about '/, in. of the average insulation. With this 
amount of insulation applied on walls and ceilings an over-all saving of about 25 
per cent on fuel was realized. 

With the entrance of insulation into building construction and the saving of fuel 
that followed, it is found that many of the leading engineers recognized the merits 
of the product and reduced the radiation required in proportion to the reduced 
heat loss. In order for the engineer to guarantee the heating plants, he sought in- 
formation from the laboratories on the transmission of heat through building ma- 
terials. There are a number of laboratories conducting such research and the 
methods of obtaining this information are almost as numerous as the laboratories 
conducting the work. In general, there are two methods—the hot plate and the 
hot box. By the hot plate method it is possible to get the conductivity through a 
material and this conductivity has been expressed in B.t.u. per inch of thickness per 
hour per degree difference in temperature. The data usually appear giving the 
temperature range of test, the weight of material and usually, but not always, the 
thickness tested. Not all of the materials used in building construction have been 
tested by any one research laboratory. Thus it becomes necessary to consult the 
data of various laboratories, correlate their work and then compute for the heat 
flow through built-up sections. 

At this point a great deal of confusion arises. Laboratories do not all test within 
the same temperature range, nor do they always get a piece of material of the same 
manufacture that has the same thickness and density and, therefore, a different 
result follows. The heating engineer also raised the question as to the actual heat 
flow through a wall when these various materials are assembled according to aver- 
age construction, realizing that the results under ideal conditions are not always 
attainable iti practice; hence the hot box to test and check on the computed data. 
More confusion followed, and now the Nicholls heat meter has been perfected 
to measure the heat flow through the wall after the structure has been completed. 
This meter has great possibilities. The Code on Testing Insulating Materials 
developed by this Society, when used as a guide by laboratories, should clear up 
the existing confusion. The engineer can now look to the hot box for guidance 
as to the effect of the personal element in construction and as a final check on heat 
flow through a built-up wall, this wall being the assembly of various materials. 

These data coming from laboratories are often lacking in detailed information 
as to the material and conditions under which the test was made. This information 
should be more complete. For example, consult the many conductivity tests on 
brick and no information is to be found regarding the brick tested which makes it 
possible to know if the conductivity applies to the brick under consideration. 

Correct application of test data must be made by the engineer computing the 
heat loss. The test data give the conductance on a unit thickness but the material 
under consideration may not be manufactured in this thickness. One-half inch 
insulating materials aré manufactured in thicknesses ranging from 7/4 in. to 





= 0.15, when the insulation was so applied as to create the 
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*/4in. The thickness range then is 12'/, per cent under the nominal to 12'/, per 
cent over, or a total possible difference of 29 per cent. Since building insulation 
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is purchased for its ability to retard the flow of heat when incorporated in building 
construction, this factor of thickness becomes of considerable importance. 


That insulation has earned its place in our economic structure cannot be dis- 
puted. In fact, the idea of insulation is now being overworked by some manu- 
facturers of building materials. It frequently develops upon investigation that 
these materials do not have sufficient merit in themselves to justify their existence, 
and since all building materials stop heat flow to some degree, these materials are 
being sold to the public with the understanding that when used they will have an 
insulated home. The result is that today many buildings with walls very little 
better than 0.25, and some with a higher heat flow, are considered insulated. 

Glass will stop the flow of heat but glass could hardly be merchandised as an 
insulating material. It is reasonable to assume that in the public’s mind an in- 
sulated home means a home that is considerably warmer than the one they were 
accustomed to before insulation was used. The public’s conception of a warm 
wall is equivalent to 0.25 plus 1/2 in. of average insulation. 

For the protection of the public and the insulation makers, it would be well to 
rate the built-up walls in such manner that walls with high heat flow would not be 
rated as insulated. On the other hand, there are assemblies of building materials 
that will give a wall which will be sufficiently warm that the addition of insulation 
is not warranted. 

The question which now arises is—what then constitutes an insulated wall and 
how far can the engineer go in specifying insulation? The answer, based upon 
past experience before insulation came into its own, would be that an 0.25 wall would 
be considered non-insulated and about 0.15 could then be considered insulated. 

The average frame wall built of siding, paper, sheathing, lath and plaster, has a 
K of about 0.25. Now take this wall and determine the economical thickness of 
insulation required when built in a given geographical location and with a given cost 
of fuel. For this purpose four charts have been prepared. The first chart, Fig. 1, 
gives a relation between heat flow through a square foot of wall surface per degree 
fahr. per hour, and the number of square feet of wall surface that 1 sq. ft. of radi- 
ation will take care of with the maximum B.t.u. given off from a square foot of that 
radiation. 

Y x K x (T; — T) _ 


Z R 





where R = sq. ft. of radiation 

Y = gq. ft. of building surface 

K = B.t.u. transmission per sq. ft. per deg. fahr. per hr. 
T; — To = temp. assumed in heating 

Z = B.t.u. given off a square foot of radiation. 


Where R = unity, the following formula can be written 
ene! Per 
(T, — T)K 


or y=8 


Y= 











GSwttaad 


Economic THICKNESS OF BurLtp1nG INsuLaTiIon, M. 8S. WUNDERLICH 285 


when a = ¢, the ratio of the maximum B.t.u. assumed in designing for a 
ae square foot of radiation and the temperature head assumed 
for the maximum radiation load. 


This ratio has been designated as reference number. With a B.t.u. emittance 
of 150 per sq. ft. of hot water radiation surface, and a temperature head of 
80 deg. fahr. the reference number would become 1.88. Following the line 0.25 
horizontally until it meets the reference number 1.88, then dropping perpendicularly 
to the bottom of the chart, 7.5 is found, which is the number of sq. ft. of 
building surface that 1 sq. ft. of radiation will supply. When for 1000 sq. ft. of 
building there would be required 133 sq. ft. of radiation. 

The second chart, Fig. 2, gives a relationship between B.t.u. transmission per 
square foot per degree fahr. per hour, plotted as ordinates, and the loss in millions 
of B.t.u. per 1000 sq. ft. of building surface for the heating season, plotted as 
abscissa. Then following horizontally at 0.25 until the degree days of 6000 is 
intersected (Chicago territory), drop perpendicularly, 36,000,000 B.t.u. heat loss 
per 1000 sq. ft. of building surface per heating season, is found. 

Chart, Fig. 3, gives a relationship between B.t.u. loss in millions, taken from Chart, 
Fig. 2, and cost of fuel per heating season per B.t.u. loss indicated. The curves 
give the B.t.u. available per $1.00 invested in that fuel. Taking hard coal at 
$17.00 per ton, Chicago price, and assuming that 7000 B.t.u. per pound would be 
available for heating purposes, as average per season, we have: 


2000 x 7000 
17 


At 36 on the abscissa, which represents the B.t.u. loss in millions per season, run 
up perpendicularly until the 824,000 B.t.u. line is intersected, then horizontally 
read at the left of chart 44, which represents dollars, or $44.00 cost of $17.00 coal 
to offset loss through 1000 sq. ft. of building surface in Chicago territory per heating 
season. 

Chart, Fig. 4, gives a relationship between fuel cost, in dollars, per season per 
1000 sq. ft. of building surface and cost of insulation installed less radiation. 

Taking the 0.25 wall and insulating with '/; in. of average insulation giving a 
K of 0.15, it will be noted that there is a saving of 0.10 B.t.u. per sq. ft. per deg. 
fahr. per hr. The amount of radiation saved would be, from radiation chart, 
53 sq. ft. The cost of radiation of 40 cents per sq. ft. would be $21.20 based on 
1000 sq. ft. of building surface. 


From Fig. 2 note that there is a saving of 14,300,000 B.t.u. per heating season, 
which, from Fig. 3, would represent $17.00 in fuel saving per 1000 sq. ft. of wall 
surface. The cost of '/:-in. insulation applied would be about $90.00 less the cost 
of radiation ($90.00 — $21.20 = $68.80), against which the fuel saving will give a 
yield of 24.7 per cent. So high a yield could hardly be considered the economic 
thickness. Adding an additional '/; in. of insulation would give: 


= 824,000 per $1.00 





1 ‘ 
K= 7 eae 
0.15 0.30 0.30 
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From Fig. 1, radiation saved at 40 cents per sq. ft. would give a saving of 21 
sq. ft. or $8.40, which leaves $90.00 — $8.40 = $81.60, to be carried against fuel 
saved per season. From Fig. 2, the saving would be 5,800,000 B.t.u. per 1000 
sq. ft. per heating season and from Fig. 3, $7.00 per year, which return on $81.60 
invested would give (Fig. 4) 8.6 per cent. Under the conditions it would not be 
advisable to go beyond 0.11 for an insulated wall. A higher cost of fuel than 
considered would naturally warrant more insulation. The author has by this 
method of computation shown the per cent of return on the additional insulation 
recommended and has been able in the gas-heated homes to approach what might 
be considered the economic thickness. In the gas-heated houses the estimated 
fuel consumption has been made so that he would know before installing the gas 
furnace as to the possible cost of heating. The greatest variation on our estimates 
does not exceed 6 per cent. 

It is not always possible to get a reduction in radiation. This leads to a wide 
range in cost of fuel per square foot of radiation as installed and this cost with 
$1.00 per 1000 cu. ft. of gas ranged from 40 cents to 60 cents per sq. ft. of radiation 
installed. Determining fuel costs on square feet of radiation installed is correct 
only if the radiation has been installed according to heat loss. 

An estimate to a client on the basis of square foot of radiation installed would, 
on 1000 sq. ft. of radiation, make a difference of $100.00 if 50 cents were the basic 
cost. On an actual $400.00 fuel cost this would be 20 per cent, which is a deter- 
mining factor in the kind of fuel. With insulation it is possible to get the comforts 
and conveniences of more expensive fuels within the economic range of many more 
home owners. 


The economic thickness of insulation depends upon the following factors: 


1. Cost of fuel available for heating. 
2, Seasonal demand. 
3. Cost of insulation installed. 


These factors are variable and must be worked out for each locality. There 
will be a slight fluctuation in the cost of fuel from season to season. 

The computations, Table 1, have been determined for the economi¢ thickness of 
insulation for a locality of 6000 degree days, hard coal $17.00 per ton, coke $12.50 
per ton and bituminous coal $9.00 per ton, and a cost of $90.00 per 1000 sq. ft of 
1/,-in. insulation and $130.00 per 1000 sq. ft. of 1-in. insulation applied. Where 1-in. 
insulation is applied in the side walls, $15.00 per 1000 sq. ft. is added to take care of 
additional depth of window and door frames, the insulation being installed to take 
advantage of air spaces and having conductance of 0.30 per unit inch. 

From these computations it will be observed that the saving with 1-in. insulation 
in the ceiling, with $17.00 per ton coal, is slightly greater than the saving with '/;-in. 
insulation in the side walls, and that with $9.00 per ton coal the saving with 1-in. 
insulation in the ceiling is slightly less than the '/:-in. insulation in the side wall, 
while with $12.50 per ton coke the saving is the same. This would indicate that 
with a higher fuel cost the insulation in the ceiling should be increased over that 
indicated as compared with side walls, and that with $9.00 per ton coal the thick- 
ness of the ceiling insulation approaches the thickness of insulation of the side wall. 
Therefore, it follows that with the average cost of fuel to the home owner that the 
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TABLE 1. COMPUTATIONS FOR DETERMINING THE ECONOMIC THICKNESS OF INSULATION 
IN MippL& WESTERN LOCALITY 





- Walls —— Ceilings —— 
I II III I II 111 
Construction taken as base A B B E F 


F 
0.26 0.15 0.15 0.28 0.13 0.13 
B Cc D F G H 
0.15 O.11 0.12 0.13 0.10 O.11 
0.10 0.04 0.03 0.15 0.03 0.02 


Insulation added 
— in B.t.u. per sq. ft. per ° F. per 


Sq. ft. of radiation saved, Fig. 1 53 21 16 74 16 11 
Saving in radiation at 40 cents per 
sq. ft. 21.20 8.40 6.40 29.60 6.40 4.40 
Btu. saved 7 millions per heating 
season, Fig. 14.3 5.8 4.3 21.5 4.5 2.5 


Pn 5. a ft. building 
surface per heating season using 
gl Sy pee Fig. 3, 824,000 


B.t.u. per $1.00 17.00 7.00 5.20 26.50 5.00 3.00 
Cost of insulation applied 90.00 90.00 145-90 130.00 90.00 130-90 
Saving in radiation 21.20 8.40 6.40 29.60 6.40 4.40 
Investment in insulation. (Cost of 

ins. applied less radiation) 68.80 81.60 48.60 100.40 83.60 35.60 
Return on money invested in ins., 

Fig. 4 24.7% 8.6% 10.6% 26.38% 6.0% 8.4% 
Saving in fuel per M sq. ft. ~~ 

surface per heating season 

ae Fig. 3, 1/1908 

000 B.t.u. per $1.00 13.00 5.40 3.90 19.00 4.00 2.50 


ae ey wanes SS Sen. 


Fig. 4 

Saving in fuel per M sq. ft. building 
surface per heating season using 
$9.00 per ton coal 1,556,000 B.t.u. 
per $1.00 9.75 3.80 2.80 14.00 2.80 1.50 


Return on money invested in ins., 
ig. 4 14.1% 4.7% 6.8% 13.9% 3.38% 4.2% 
A = Siding, building paper, sheathing, wood lath and plaster. 
B = Wall A with '/,” average insulation installed to create 2 air spaces. 
C = Wall A with 2 layers of '/,” average insulation installed to create 3 air spaces. 
D= Li danuUae 


18.9% 6.6% 8.0% 18.9% 4.8% 7.0% 


| 


0 Bu 
gi 


Ceiling E with 2” of average insulation. 


ratio of '/,in. insulation in the side walls to 1-in. insulation in the ceiling is a well- 
balanced insulated job. 

The above costs for insulation installed are average costs from contractors in 
Chicago territory for various insulations. 

The savings through side walls and ceilings are based upon inside temperature 
of 70 deg. ye and do not take into consideration the temperature difference which 
exists between the floor and ceiling, which in a non-insulated home are appreciable. 
A consideration of this temperature difference adds to the advantage of heavier 
insulation for the ceiling. Another advantage of insulation is the fact that temper- 
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ature in well-insulated homes is very uniform and, further, it is possible to maintain 
higher humidities without condensation upon the wall and ceiling surfaces. 

Higher humidities adding to the health and comfort of the family also increase 
the life of the household equipment. A greater comfort is also experienced during 
the summer season when living quarters and sleeping chambers are cool and re- 
freshing instead of warm as an oven. 


DISCUSSION 

E. R. Powe.u? (Writren): The writer’s point of view in building insulation 
is, of course, entirely different from that of Mr. Wunderlich’s due to the entirely 
different sort of insulation recommended by our Company. We think it fair, 
however, that the public should get both points of view, or at least be advised 
that two such points of view exist. 

In regard to the economic thickness of building insulation, we have proved to our 
own satisfaction, that the most economic thickness is 3'/2 to 3°/, in., or the thickness 
of the studding of the building wall. If a 6-in. studding is used, we recommend 
that the entire wall space be filled with insulation because it is less expensive to 
fill this space than to put in an inner wall so that a lesser thickness may be used. 
For ceilings we recommend an insulation thickness about equal to that in the walls. 

Our reason for recommending this insulation thickness is that a bulk insulation 
seems to us to have an overwhelming advantage over the sheet or felt form, with 
which it is in competition. The wall of a frame house forms, without any additional 
attention, a perfect space into which insulation may be poured or packed with 
the greatest convenience. The conductivity of our insulation, according to U. 8. 
Bureau of Standards tests, is about 0.275. By packing the entire wall space with 
this extremely efficient insulation, wall radiation is reduced to only a small part 
of what it is in an uninsulated house. As a general average, we find that the 
wall radiation is reduced by 80 per cent. That is, only 20 per cent of the original 
loss is still transmitted through the wall. 

The cost of this method of insulating frame buildings compares very favorably 
and is in many cases lower than the cost of even a '/;-in. of sheet or felt insulation. 
We, therefore, can hardly agree with Mr. Wunderlich’s conclusion that the economic 
thickness for wall insulation is often about '/2 in., and for ceiling insulation about 
lin. By packing the walls solid, a perfect wind break is formed against infiltra- 
tion through the cracks in spite of any reasonable amount of shrinkage and warping 
in the lumber. This insulation is a perfect electrical insulation also and cannot 
cause any trouble from the wiring. If the pipes are run close to the inner wall, it is 
positive prevention of all freezing trouble. Furthermore, the fire channels in the 
wall are positively stopped with a mineral non-combustible material, so that by 
actual tests it is possible to burn the lath off the inside of a room before the fire 
spreads to another room. 

Another portion of Mr. Wunderlich’s article in which we disagree very decidedly, 
is the statement in regard to glass. To quote it exactly, “Glass will stop the flow 
of heat, but glass could hardly be merchandised as insulating material.” We 
find that the conductivity of glass is about 50 as compared to our material of 0.275. 
In other words, glass could not ordinarily pass as an insulator at all. In fact, the 
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heating engineers, with whom the writer is acquainted, figure the radiation from 
the glass surfaces at a much higher rate than the rest of the wall. 


Another statement, “There are assemblies of building material that will give 
a wall which will be sufficiently warm that the addition of insulation is not war- 
ranted,” which I believe is likely to leave an erroneous impression. It may be 
that the arrangement of building material may be such that an expensive insulation 
would not be justified at the present price of coal. On the other hand, we are 
buying insulation now and saving fuel in the years to come. Also, due to the 
increased comfort and convenience of gas and oil for house heating, their use is being 
rapidly extended. When these more expensive fuels are involved the necessity for 
a real insulation comes to the fore. If there is any arrangement of common building 
material, which would obviate the necessity for insulation in a gas-heated house, 
such has never come to the writer’s attention and he would be much interested 
to know what it is. In working with some of the gas companies, we find they recom- 
mend our insulation, and will guarantee the gas bill if our insulation is used. 


M.S. Wunper.icn (WritTEN): I do not agree with Mr. Powell that we hold 
different viewpoints on the economic thickness of insulation. It is simply a case 
of figures. The purchaser of the insulation is the judge and must decide what 
return he demands on money invested which, of course, will depend upon what 
return he can secure with equal safety of principle in the money merket as compared 
to the investment in his home. 

Mr. Powell states that 3'/2 in. is the economic thickness when Hominsul is 
used, but he does not state what the cost of this insulation applied is nor does 
he show the return on investment with different costs of fuel. It is true we build 
for the future, but I cannot see any justification in recommending as much insu- 
lation for the man who burns $9.00 per ton fuel as compared with the man who 
burns gas at the rate of $1.00 per 1000 cu. ft., especially when the man with $9.00 
per ton coal lives in a 5000 degree day heating season while the $1.00 per 1000 cu. 
ft. of gas is consumed in a 9000 degree day locality and the cost of insulation applied 
isthe same. Any insulation will not most conveniently adapt itself to all conditions. 
Mr. Powell gives the conductivity of Hominsul as 0.275 but does not give the den- 
sity. It is important that the density as given for the conductivity be the density 
of the material in the filled space. If a different density is obtained a different heat 
flow will result. As pointed out in the paper, this is one of the numerous items to 
be watched. A finished product from the factory has the advantage of controlled 
density over that which is assembled on the job. 

In reference to glass stopping the flow of heat. The formula given in the paper 
gives the transmission of glass as 1.00. The Heating and Piping Contractors’ 
National Association gives the transmission for single sash as 1.1 and for double 
sash 0.6. Mr. Powell certainly must have had the experience of materials of so 
high a heat flow being sold as insulation. I still contend that a material with so 
high a heat flow should not be merchandised as insulating material, although 
when used it will retard the flow of heat. Without the proper heat transmission 
constants we could not have computed the heat loss for the last 12 to 15 years to 
so close a degree, as the greatest variation for gas consumed of 6 per cent on the 
estimate. 

There are few insulations that have not been recognized by gas companies. 
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There are also gas companies who have installed gas-fired boilers in homes where 
there was no insulation. The paper does not state that there are building assem- 
blies of gas-heated homes that do not require insulation, but I would not be sur- 
prised if in the natural gas localities, where the heating load is small and gas cheap 
that this was actually the case. I have found building construction having a 
heat transmission of 0.13 without insulation (also given in Tae Guipe) and located 
in a 4000-degree locality and where the fuel burned was $5.00 per ton. When 
considered purely from the fuel-saving standpoint, there was no form of insulation 
that could be justified. Again, the economic thickness of insulation depends 
upon: 1. Cost of fuel available for heating; 2. Seasonaldemand; 3. Cost of 
insulation installed. This applies to any and all types of insulation. The curves 
are intended to make computation on the B.t.u. basis quickly and accurately. 


Mr. Powell makes reference to decreased infiltration. It is true that an insulated 
house is tighter than a non-insulated house, but it is also true that when there has 
been an effort to insulate, the building is built tighter. We have no authentic 
information on the air leakage through various insulated and non-insulated walls, 
so cannot take this factor into consideration in making our computations. 

The matter of fireproofness: Most all insulating companies claim fire-retarding 
properties for their material. The Burlington fire-proof office building gutted 
by fire in Chicago, Engineering News, Vol. 88, report of investigating engineers 
proved that the contents of the building was the all-important factor. Fire-proof 
material in frame construction will not prevent a building from burning or lower 
the insurance premium. 


T.S. Taytor: I would like to ask a question at this point that may or may not 
be out of place. I would like to know whether Mr. Wunderlich or Mr. Sanbern 
have any information which would give us the coefficient which you would have, 
say, for an ordinary brick veneer dwelling. In other words, with the ordinary 
method of studs and plaster inside, the sheeting, followed by paper and brick veneer 
on the outside, what would be the coefficient of heat transfer for this type of struc- 
ture? 


Mr. Wounveruicu: In answer to Mr. Taylor’s question, I haven’t the data 
with me but we have computed the heat transmission through that type of wall. 
If my memory serves me right it is about 0.21. That would change your 
final results that I have given you. The economic thickness must be worked out 
for each case. 


Mr. Taytor: Again what would you figure it would be if you filled up all the 
space between the studs with material that had the same thermal conductivity as 
wood itself? In other words, you cut out all the air space between the studs. 


Mr. WunvDERLICH: I can compute that for you, but I do not have the transmit- 
tance coefficient at hand. 























No. 802 
UTILITY DEMANDS OF A MODERN HOSPITAL 


By G. L. Larson! (Member), D. W. Neutson*? anp R. A. Rosz* (Non-Members) 


Introduction 


HEN the Wisconsin General Hospital building (Fig. 1) here described was 

being designed, the engineers responsible for the layout of the mechanical 

equipment were handicapped on account of the lack of published data on 
the utility demands of such a building. Data were either not available or so 
conflicting as to render them useless or of very doubtful value. Different authori- 
ties disagreed to a wide degree. Most of the published values were found to be 
average daily or average monthly values and practically no information was found 
referring to the peak load that might be expected in a building of this type. This 
was especially true in reference to the demands for hot, cold and soft water. Re- 
liable demand data on which could be based the selection of sizes of hot water 
heaters, water softeners, booster pumps, ice-making plants and other equipment 
were not to be found. 

In view of this scarcity of published information, meters were installed as a part 
of the building equipment and a careful investigation of the utility demands has 
been made for a period covering sixteen months. 

It is hoped that the data here published will prove of value to architects and en- 
gineers employed in the design of similar buildings. 


Description of Hospital 


At the special session of the Wisconsin Legislature in 1920, the establishment 
of the Wisconsin General Hospital was authorized in connection with the Medical 
School of the State University and is under control of the University Board of 
Regents. 

The total amount appropriated for a hospital building, for a residence for nurses, 
and for equipment, was $1,350,000. Additional sums were appropriated for the 
purchase of land. The hospital was erected as a memorial to those who served 
in the World War. Its purpose is to supplement the existing resources of the state 
for care of patients, for education of physicians and nurses and for the advance 
of medical knowledge. 

1 Professor Steam and Gas Engineering, University of Wisconsin. 
? Assistant Professor Steam and Gas Lag University of Wisconsin. 
3 Instructor Steam and Gas Engineering, Universi _— Wisconsin. 


Presented at the Annual Meeting of the American IETY OF HEATING AND VENTILATING Enot- 
Nn&eEerRs, New York, N. Y., January, 1928. 
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An act passed by the Legislature defining the purposes of the hospital and pro- 
viding for its support makes it mandatory for public officials and physicians, and 
advisable on the part of others especially interested in the public welfare, to report 
to the county judge those patients who appear to need its care. The act at the 
same time makes ample provision for transportation and care, at joint county and 
state expense, of patients who, upon further investigation, are found to need such 
care and are likely to benefit from the treatment afforded at the hospital. Pro- 
vision is also made for patients who can afford to pay for cost of hospital care and 
who are in need of special facilities not readily obtainable in their local communities. 





Fic. 1. Wisconsin GENERAL HospPITAL 


Although the Wisconsin General Hospital has been available for care of patients 
for only about three years, its need has been amply demonstrated. With a total 
capacity of about 300 beds, there are usually from 260 to 275 bed patients within 
its walls and at times every bed is filled. 


Mechanical Equipment and Engineering Features 

The building, which was designed by Arthur Peabody, State Architect, has six 
stories and a basement and in addition has a number of rooms on the roof which 
are used for patients requiring open air treatment. It is built of brick, with stone 
facings and cornices, and is of fire proof construction. The building contains about 
380 rooms, has a gross floor area of 132,000 sq. ft. and a gross cubical content 
of 2,000,000 cu. ft. Fig. 2 shows a layout of the mechanical equipment. 

















Utitiry DeMANDs oF A MopERN HospiTa, Larson, NELSON AND Rose 295 


Ventilation 


The ventilation of patients’ rooms is by open window supply. A special type 
of window is used in which the air is admitted at the cross bar of the sash, or at the 
top or at both places. The sash draws inward like a transom and the air flows 
upward without striking the patient. All toilet rooms, bath rooms, utility rooms 
and certain special treatment rooms, have mechanical exhaust ventilation by means 
of four exhaust fans on the roof. Except for the air supplied by one fan to several 
lecture rooms on the sixth floor, there is no fresh air supplied to the building by 
mechanical means. 


Heating System 

Of the 88 buildings connected to the central steam heating plant of the Univer- 
sity, this hospital is one of three buildings that is heated by hot water. The system 
is a down feed type with forced circulation. The building contains 36,000 sq. ft. 
of hot water radiation which gives 55 cu. ft. of gross space heated for each square 
foot of radiation. 

The circulating pumps for the heating system are in duplicate, each being capable 
of handling the entire load. Each pump which has a rating of 600 gal. per min. 
is driven by a 7'/2 h.p. motor. This gives a circulation of one gallon of water per 
hour for each square foot of hot water radiation installed. 

The water is heated by low pressure steam from the central plant and the heaters 
are in duplicate, each being capable of heating 36,000 gal. per hr. from 170 to 
190 deg. when supplied with steam at 3 lb. pressure. These heaters are the usual 
shell and tube type with the water passing through the tubes. 

The water for the hot water services of the building is heated by heaters of the 
same type. These are also in duplicate, each having a capacity of heating 2000 gal. 
per hour from 50 to 180 deg. when supplied with steam at 5 lb. pressure. The 
storage tank has a capacity of 1200 gal. For circulating the hot water to the various 
fixtures in the building, duplicate pumps are used. Each has a capacity of 90 
gal. per min. and is driven by a 3 h.p. motor. Either pump may also be used as 
a booster pump if the city water pressure drops to a point where boosting is neces- 
sary. 

Water Softeners 


Due to the fact that Madison city water has hardness of about 22 grains per 
gallon, all hot service water is softened. There are two Zeolite units installed, 
each having a softening capacity of 24,000 gal. in 24 hrs. with a maximum rate of 
softening of 4000 gal. per hr. Under the average condition of operation, it is 
necessary to regenerate each unit once per 24 hrs. A considerable amount of 
water is used in flushing these softeners and the total water per patient used in this 
building will, therefore, be greater than the amount to be expected in a building 
not having softeners. It should also be noted that there is no laundry in connection 
with this building and allowance will have to be made for additional water consump- 
tion when a hospital with a laundry is considered. 

This building has two sources of water supply. The cold water to all toilets, 
utility closets, slop sinks and hose bibs is termed “lake water” and is supplied 
from Lake Mendota by the University pumping station. All other water used is 
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supplied from the city mains and is termed “city water.’”’ None of the “lake water” 
is heated, and only “hot water” is softened. 


Refrigeration System 

Installed in the basement of the building is a 15-ton capacity motor-driven 
carbon dioxide refrigerating machine. This machine has an ice-making capacity 
of thirty 60-lb. cakes of ice per day in addition to the capacity necessary to cool 
the cold storage rooms adjacent to the main kitchen, and to cool the seventeen small 
boxes in the diet kitchens and other parts of the building. 

There are two major electrical circuits. One circuit supplies the current for 
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Fic. 3. APPARATUS USED IN TESTING WATER METERS 


lights, physio-therapy apparatus, x-ray machines and the small motors that are 
usually connected to lighting circuits. The other circuit supplies power to ele- 
vators, pumps, fan motors, refrigerators, etc. There are two passenger elevators 
and a service elevator. 

In the central heating station of the University, there is installed a turbo- 
generator for the exclusive service of the hospital in case the usual source of power 
fails. 


Scope of Observation 


Daily readings were taken of the following: city water, hot water, lake water, 
steam for heating hot water, steam for heating building, ice produced, city gas 
and electricity used for lighting and for power. The location of the various meters 
installed is shown in Fig. 2. 

As noted before, water for all purposes other than for flushing toilets, slop sinks 
and for utility closets, is purchased from the municipally-owned water system of 
Madison. Main reliance for measuring the city water used was placed on the two 
3-in. compound type water meters installed by the water department for billing 
purposes. The meters were installed in parallel and only one was in service at a 
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time, the other being held in reserve in case the one needed to be removed for 
repairs or testing. An electrically-operated flow meter, installed on this line, 
served as a check on the continued accuracy of the compound water meters and gave 
a means of studying the distribution of the load during the day. 

The city water divides into two lines, one of which carries water to the softeners, 
then through the heaters to the storage tank as hot water; the other continues as 
the cold water line. Each softener is equipped with an alarm meter of the disc 
type for indicating the need for recharging. Daily readings were taken on each 
of these meters to determine the hot water used. A mechanically-operated flow 
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Fic. 4. CHART SHOWING REsULTs OF METER TESTS 


meter of the orifice type was also installed in this line as a check, and to give a 
graphic record of the daily distribution of load. 

The university pump house, located on the campus and on the shore of Lake 
Mendota, furnishes lake water for the rough uses previously mentioned. A 3-in. 
compound water meter of a type similar to those on the city water supply was in- 
stalled on this line. No duplicate meter, however, was put on this line, con- 
sequently when this meter was in need of repair, or was removed for testing, 
readings on the lake water were temporarily discontinued. 

The steam furnished by the central heating station of the University is measured 
by condensation meters of the bucket type. The steam used for heating the hot 
water of the heating system, after leaving the heaters as condensate, flows by 
gravity into two condensation meters placed in parallel, each having a capacity of 
12,000 Ib. per hr. The inlets to the meters were not valved so that both meters 
registered about the same flow and neither was overloaded at periods of maximum 
demand. 

The steam used for heating softened water likewise flowed as condensate into 
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a condensation meter by gravity. The capacity of this meter was 6500 lb. per 
hr. The condensate from the various sterilizers, 54 in all, and from the steam- 
cooking apparatus, returning at a temperature of about 300 deg. fahr. is cooled to 
about 180 deg. fahr. by being circulated through a small heat-exchanger that serves 
at the same time, as a primary heater for the softened water on its way to the hot 
water heaters. Unfortunately for data-taking purposes, the condensate from the 
sterilizers and cooking apparatus joined-that which returned from the hot water 
heaters, and could not be metered independently without involving extensive 
changes in the piping system. The modification of the existing arrangement was 
not thought to be worth while, especially in view of the fact that the amount of 
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Fic. 5. APPARATUS FOR TESTING CONDENSATION METERS 

















steam used for heating the water for the hot water supply can be calculated readily 
from the steam pressure, condensate temperature and the initial and final tem- 
peratures of the water. 

The quantity of ice produced, which is used only in the form of cracked ice, was 
determined by keeping a record of the number of cans of ice taken out of the freez- 
ing tankeachday. The cans are of 60-lb. capacity, but the filler float was adjusted 
to give 55-lb. weight cakes. 

The quantities of electricity and gas used were measured on the meters belonging 
to the public utility company furnishing these items. The electrical load is di- 
vided between two meters, one for the power load and one for the lighting load. 
The lighting load, as before mentioned, includes, besides lights, the x-ray machines, 
and physio-therapy apparatus such as ultra-violet ray machines. No tests were 
made on these meters except the routine tests of the utility company. 


Method of Testing Meters 


The water meters used for measuring city water, hot water and lake water were 
removed and tested frequently enough to insure their accuracy throughout.the 






























































































































































: O9T LE oss9e 2°92 | 2°89 | SFI | T'€21'000 | &° FF | $°ZL9‘000'0 ’ 
i= |, = 9ILe 8998 2° L8T‘000 8°912‘000°0 | 0'9F | O'sS | 00'9 I 
00€2¢ ooTZ¢ 6°98 | 9°22 | TOT | 0°E9T‘000 | 3°29 | 0°S09000'0 : 
1 se'o— | LI- L98% OSSt 1 €21‘000 ¢°229°0000 | O'Fe | O'6E | OTS | f/rT 
= 
a oosez 000e2 $°16 | 8°18 | O'L | O'9ST‘000 | 8°FL | Z°O08S‘000'0 
4 92°0— | 6&— 6rIS OrTS 0° €9T‘000 0°909°000°0 | OST | O'8T | OB'F £ 
is ¥L0°680'T “ON—49}2}{ JO ON ‘AassaZZ punodmioy—saza Jo BAY, ‘2Z6T ‘1S PAV —29"C 
2 SpeUl SBM UOl}EJO}[e [BUY JoIsy¥—syIeUIIy 
a 
A 0082 00823 O'bL | 32S | 8°066'ES0 | BIS | 8°SZ0'FSz'S 
E eg°Z— | O3I— OSL O89F | 0°02 0°E10°FS0 9° FL0'b22'S | 06h | O'9S | O'OT | */ex 
a 
> O0ETF OOTIF 6°LL | SLT | 8°€26'ES0 | F°09 | F°Z96'Ezz'z 
8 g3°0— | Lo- 188% 098% | 9°22 8° 066‘ES0 8° 2z0'res's | Osh | OOS] TL | MrT 
« % 
° O9e0r 0926 6°9F | L°9F | 9°926'E90 | Z°0 | 3° 796'Ezz'z 
é g°S— | 2ZI— ZOTE 0862 | +0 €°€26'E90 b°296'8ez's | O'SS | O'09 | OST] */: 
& P968T osssi ZbL | 9°SE | O' T68*ES0 | 9°88 | 9° Ez6‘Ezz'z 
- "s= | i= TtLh OFOF | O'S 9°926'ES0 &°396'22'S | O'6E | OFF | O'ST | */er 
r ZSSS 00LFZ L°S9 | T°@% | 6°898"ESO | 9° Sb | 0° 086'Ezz'z 
5 g°e— | 2I— Ghoh OZIF | +99 0° 168°E90 9° €26'E2s's | O' FE | O'G6E | O'OT I 
3 00968 00F6E Z°38 | 6ST | O'Sgs*esO | €°89 | LII8*eea'z 
. aeO— | 1— T9TS OFTg | T's 6°898"eS0 0° 088"€2s'z | 0°8Z | 0°08 | E82 */1 
: 00s6¢ 0SZ6¢ O'SSI| F'6I | €°208"ES0 | 9°8El) 6 L0S‘Ezz'z 
| —o- | $766 0286 | 4°28 2° 928*ES0 ¢9F9'sez's | O'8S | O'ZE| OOT] Vit 
2 orseZ 000s2 0°O9T| SST | S°162‘ESO | S' HPI] 2 E9E'eze'z 
z 98°0— | 83— 8Z00T 00001} 3°06 €* 208°€S0 6°20S‘8ez'S | O'ST | O'8T | O8 € 
FE poysrem | 24/5U} “| 3a/sqt | | saj0m a “uy bs | “ui -bs 
“93° 3nd ag vu vu : seqou} 
a 10112 % a i ies ‘y2}0m1 Burpee pn Surpess jerp =| ‘sezeu | ‘Jejzem ‘oon 30) 
3 sm] army | cq op reoy, [PERO] Ime | She | TP S0G-AE | uyeyy | 7 SI | Bue | 209 | posdvia todo 
E ! “said | 2d 
¥L0°6£0'T “O(N—29}2/{| JO “ON ‘AasteH] punodmoy—sajayy jo adAY, ‘2261 ‘2 Fore—a7eq 
$ Zuineday pue uorsedsuy] s1ojagq@a—syreulay 


TON (3889) J27eM AIID TerIdsoH] B7KIG—pasy aq 
MALY WALVM VAO ISH] ‘“[ HTaVI, 





301 


Urirry DemMaNnps oF A MopERN Hospitat, LARSON, NELSON AND Rose 















































































































































Ue? 0e+ 008% 096 OS6F 066 OTT‘¥S9°0 */s1 
00T‘9s9‘0 6S OL aI 
8'I+ 06+ OSFS 060T os¢¢ OIIT 000‘e¢9°0 */.1 
OTT‘#S9°0 2g OL ral 
Ut 03+ 0¢89 OLET 0S69 O6ET 019‘Z¢9'0 0% 
000‘E¢9‘0 sg OL rai 
ot= 0Z— 0SZ8 OS9T OsTs O9T 086‘0¢S9‘0 1% 
O19‘zs9'0 Tg OL ai 
60+ 06+ OS90T O1Z O¢Z0T OS1Z 0€8‘8F9'0 /s% 
086‘0¢S9‘0 ch OL aI 
ot os— OZEST 0L9Z 06021 029% O1Z‘9F9‘0 Ee 
0€8‘8F9'0 6& OL €I 
6°S— 08— OS6FT OFLZ OZSFT 0993 ose‘er9‘0 hy 
01Z‘9F9'0 8€ OL II 
8°t- 0sI— 00Z9T 0022 OZPST OLSZ 086‘079‘0 ig 
oge‘er9‘0 8e OL or 
9 F— SZI— Osest SZL3 OO9ST 0092 008‘8e9‘0 /19 
006‘0+9‘0 88 OL or 
“q] ‘paysrem "34/°41 “a 4/°O1 “a Surpeas “ar ae “aru susn} 
meted 3 Moy 34319m [enV Taam £q mop eros, | VOIP 090m wreye | ML (oe peor pools : cig splat 
moy Jad “q’T 000‘ZI Awoeded ‘1g29% D—32721 JO “ON 
—SyIVUIDY DOR esMSpUO?) IeTIPe)— PN yo adAL, 
Tevidsoy 2347g Zureazy 10} UTeIIgG—pas;) BIG L261 ‘1% ABW—F"C 
AL WPW 
WALA NOILVSNHGNOD V AO ISH], ‘Z ATAVY, 
O6LIT oognt 6°ZI | 8°82 | T°S% | 0°F0Z00'0 | 2°E 1 ¥#2‘000°0 
ch'8— | g9I— 9961 | | 08st T 622000 8°2¥2'000'0 | 0°99 | O'F9 | O'OT | */: 
O889T O86ST Geb | S°Sb | O'FS | BT T€1‘000 8ST | ¢°TTS‘000'0 
Ob'S— | goT— 18S 0992 6°SST‘000 0°08S‘000'0 | 0°0S | O'SS | O°OT | "/sr 
009% O8SEZ% 1°29 | O'FF | LOT | S°L8T‘000 | &°2z | 8°9TZ‘000°0 
0€°F— | ezI— €18Z 0S2Z 0°#02‘000 T'$h2‘000'0 | 0°49 | 0°09 | OO'L =| */ar 




















302 TRANSACTIONS AMERICAN Society OF HEATING AND VENTILATING ENGINEERS 


sixteen months’ period of data taking. Fig. 3 shows the apparatus used in testing 
these meters. 

Tests were made at various rates of flow over the range of the meter when not 
exceeding the capacity of the 2'/,-in. line supplying the test apparatus. During 
tests, the valve on the supply line was kept wide open. The valve on the discharge 
line was opened a certain distance, as measured by the rise of the stem, sufficient 
to give the flow wanted, and the time was then noted. When the amount of water 
considered necessary to give an accurate test had been run into the tanks, the valve 
was shut, and the time again noted. The flow as determined by the meter readings 
taken before and after the test was then compared with the weighed flow. Table 1 
shows the test data of a compound water meter of the current and disc type before 
and after overhauling by the city water department. This double testing was done 










ACCURACY OF METER 
AT VARIOUS RATES OF FLOW 


ERROR = PER CENT 


RATE OF FLOW = THOUSANDS OF POUNDS PER HOUR 


Fic. 6. CHART SHOowinG GRAPHIC RESULTS IN TESTING CONDENSATION 
METERS 


in every case of overhauling to have a record of the accuracy of the meter both before 
its removal for overhauling and after its replacement. Fig. 4 shows graphically 
the test results, the upper curve indicating the distribution of the flow in the com- 
pound meter at various rates, between the main meter, which was of the current 
type, and the by-pass meter, which was of the disc type. 

On a preliminary test after overhauling, it was found that this meter registered 
50 per cent or less of the flow at light loads although very accurate at high loads. 
This was traced to too small a clearance on the current wheel so that on light flows 
the main meter registered no flow. When this friction was removed the results 
labeled as “after overhauling” were obtained. In this case, the characteristics 
of the meter after overhauling were the same as before; that.is, the highest degree 
of accuracy was at high rates of flow, with a gradual decrease in registration at low 
rates of flow. The decreased registration at light flows might be due to friction on 
the current wheel, to friction on the dise of the by-pass meter, or to excessive clear- 
ances between the disc and body caused by wear. 

In some instances the meters registered more than the correct flow. Mechanisms 
having a certain gear ratio are installed in the meter; in case of low registration due 
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to wear, a mechanism of a slightly different gear ratio is often installed to correct the 
registration. This method of adjustment is as likely to result in slight over- 
registration as it is in under-registration. 

The apparatus for testing the condensation meters is shown in Fig. 5 while 
Table 2 gives the test results for one of these meters. Fig. 6 shows these results 
graphically. In testing, the tank of 5000-lb. capacity was filled and weighed. 
The test run was then started by opening a certain number of turns the 1!/,in. 
valve on the line going to the meter, and noting the time. When sufficient water 
had run through for an accurate test, the valve was shut and the time noted, and the 
amount of water was determined by difference of weights before and after. The 
head varied in each test run from 70 in. to about 30 to 50 in. so that the flow rates 


TaBLeE 3. DaiLy QUANTITIES—AVERAGE AND Maximum AMouNTS USED PER Day 


477 
496 
504 
564 
586 
523 
557 


used were average. ‘The tests on all three meters showed the same characteristics 
of increased registration at low rates of flow. The test results are given for water 
at approximately 60 deg. fahr.; the temperature of the condensate handled by the 
meters is approximately 170 deg. fahr. Correcting for differences of specific volume 
the test shows that the meter read 2.5 per cent high. The capacity of this meter 
was 12,000 lb. per hr., but it proved capable of handling an overload with no 
material drop in accuracy. 

It was considered essential to test all meters at various rates of flow, since the 
accuracy in most cases varied considerably with the flow, as shown in Figs. 4 and 6. 
The two disc type water meters originally on the water softeners were found to be 
reasonably accurate at high rates of flow, but at low rates registered only about 50 
per cent of the flow. These meters were replaced by new ones which tested 
satisfactorily. Fig. 4 shows the test results for one of the less accurate of the meters 
used. The registration of this meter corresponding to average rates of flow in service 
was about 3 per cent low. No attempt was made to correct recorded flows for the 
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TABLE 4. Datty QUANTITIES—AVERAGE AND MaxmmumM AMOUNTS USED PER 
PaTIENT Day 
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TABLE 6. ReEsuLts or Stupy oF PEAK Loaps 





inaccuracy of meters, since the correction is complicated by the variation in ac- 
curacy of meters with respect to rate of flow. The charts of the orifice type of 
meter showed that the rates of flow varied widely. The accuracy of all meters 
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CITY WATER USED PER DAY — THOUSANDS OF GALLONS- 


DAY = GALLONS 
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HOT WATER USED PER DAY — 





DAY OF MONTH 
Fic. 8. Variation or Hot Water REQUIREMENTS FoR Typical MonTHS 
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LAKE WATER USED PER DAY = THOUSANDS OF GALLONS 


DAY = GALLONS 


LAKE WATER USED PER 
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307 











Se oars 


SSER IE MERTEN TPECETTCRRES AE: 








308 TRANSACTIONS AMERICAN SocreTy oF HeaTING AND_VENTILATING ENGINEERS 





s 
: 
2 
y 
8 
Z 
¢ 
5 
: 


DAY OF MONTH 


Fic. 10. ‘VARIATION or Sr#am Usep ror Heatine Hot WaTER IN TYPICAL 
Four-MontTH PERIOD 




















Uriritriry Demanps or A Mopprn Hosprrat, Larson, NELSON AND Ros 


PER DAY - HUNDREDS OF POUNDS 


STEAM USED FOR HEATING BUILDING PER PATIENT DAY - POUNDS STEAM USED FOR HEATING 


OAY OF MONTH 


Fro 11, Srgam Usgp ror Heatinec Bumpinc per Day—Typrcat, Four- 
Monts Pgriop 





309 





ee se ~~ 


_—©© © £8448 44208 











3103 TRANSACTIONS AMERICAN Society of HEATING AND VENTILATING ENGINEERS 


WATER USED PER DAY - THOUSANDS OF GALLONS 


WATER USED PER PATIENT DAY -GALLONS 
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was maintained within limits considered reasonable for the purposes of this in- 
vestigation. 

Explanation of Tabulated Results 


The average and maximum amcunt used per day of each item is shown in Table 
3 for each of the 16 months of observation. Table 4 shows similar results except 


-F 





STEAM USED PER PATIENT DAY- POUNDS STEAM USED PER DAY-THOUSANDS OF LBS. 


oct. «NOV. JAN, APR. 
1926 1927 


Fic. 13. AvERAGE AND Maximum UsE OF WATER PER Day FOR HEATING 
BvuILDING AND Hot WATER 


that the values are on the patient-day basis. In the case of averages in Table 4, 
the averages in Table 3 were divided by the average number of patients per day 
for the same month, which gives the average amount used per patient-day. The 
same procedure in the case of maximum amounts would not give the maximum 
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amount per patient-day. The procedure here was to divide the daily amount of 
an item used each day, by the number of patients on that day, and pick out the max- 
imum. Table 5 shows the average and maximum number of patients per day, by 
months, for the period of observation. It should be noted, however, that the maxi- 


3 





STEAM USED PER. HR. - THOUSANDS OF 


3-21-27 HOUR OF DAY 3-22-27 ™ 


Fic. 14, Recorp or Hourty Use or Turee ITEMs FoR WHICH 
No Fiow MEtTerRs WERE INSTALLED 


mum values in this table have no direct connection with the maximum data of 
Table 4. 
Explanation of Graphical Results 

The daily variation of the most important of these items is shown in Figs. 7 to 11, 
inclusive, on the basis of amount used per day, and per patient-day, for four typical 
months over a period of a year. Fig. 7 shows this for city water; Fig. 8 for hot 
water; Fig. 9 for lake water; Fig. 10 for steam used for heating hot water; and 
Fig. 11 for steam for heating the building. 

A graphical presentation of the first five items of Tables 3 and 4 is given in Figs. 
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12 and 13. The former shows the average and maximum amounts used per day, 
and per patient-day, of city water, hot water and lake water, and the latter shows 
the average and maximum amounts used per day and per patient-day, of steam for 
heating hot water and steam for heating the building. 


Explanation of Maximum Demand Data 


The recording flow meters gave a means of studying the maximum demands 
through the 24 hrs. of the day on the city water and hot water. These data 
are presented in two formsin Table 6. The first half of the table gives the average 
and maximum instantaneous peaks for each month. The average values were 
obtained by recording the highest point on the chart for each day during the 
month, and averaging these values. The maximum was the highest point found 
on any chart during the entire month. The last half of the table gives similar 
data for the highest average loads that persisted for at least 15 min. The 
instantaneous peak may, or may not, have occurred within the period of the 15-min. 
peak load. In some instances the top of the peak load went beyond the range of the 
recording chart, and it was necessary to estimate the trace of the load. 

Fig. 14 shows for one day, on an hourly basis, the amounts of items used for which 
recording flow meters were not provided. This figure shows the amount of steam 
used for heating hot water, steam used for heating the building, and the amount 
of lake water used each hour. 

Figs. 15 and 16 show typical flow charts for the city water and the hot water used. 

The averages of items in Tables 3 and 4 are given for a period of 12 months, 
with the exception of the averages of city water, hot water and lake water. The 
averages of the latter were figured for a period of 8 months from September, 1926 
to April, 1927, inclusive. 

At the beginning of this period there was a distinct increase in the consumption 
of water which persisted during the remainder of the period of observation. The 
average quantity of city water used per day previous to this time was 59,000 gal., 
as compared to 84,500 gal. per day during the last 8 months. Previous to Sep- 
tember, 233 gal. were used per patient-day, and after this, 333 gal. were used per 
patient-day. On either basis, the increase was 43 per cent. Fig. 12 shows graph- 
ically this increase in city water consumption. 

This increase in the use of city water seems to have been due very largely to an 
increase in water pressure in the main serving the university district. On Sep- 
tember 10, 1926, a new reservoir was put into service by the city water department. 
The new reservoir increased the pressure in this main from 76 lb. per sq. in. to 
83 lb. per sq. in. The water department of the city of Madison has kept records 
which show that an increase in water pressure of 1 Ib. per sq. in. at the central 
pumping plant results in a 2 per cent increase in water consumption for the city. 
The increase in pressure of 7 lb. per sq. in. would then account for 14 per cent 
increase in consumption, if the hospital were an average section of the city load. 
However, it is likely that in such an institution an increase in pressure increases 
the water consumption more than for the city in general. The city load is deter- 
mined largely by the consumption in private homes which have but few outlets 
and no uses of continuously running water, whereas the hospital has a multiplicity 
of outlets, averaging 2.5 per patient; and has several pieces of equipment, such as 
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Fic. 15. Recorpinc CHART Recorps oF WATER UsED 


a refrigeration machine, x-ray developing apparatus, drinking fountains and water 
sterilizing equipment that use water continuously. 
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Fic. 16. Typrca FLow CHart ror City aNnpD Hot WaTER 


The hospital is equipped with 24 drinking fountains of the self-closing type. 
The self-closing feature has been made inoperative on several and, at times, others 
have been propped open. 
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In the hospital there is a total of about 700 outlets of various sizes, 1 in. and 
smaller, controlled for intermittent use either by faucets or valves. It is considered 
probable that there was more leakage from these during the latter half of the period 
of observation than occurred during the first half, due to the fixtures being older 
and consequently developing more defects. Also, leaks would develop more rapidly 
and more water would leak from a defective outlet, because of the increased pressure 
back of it. 

The condenser for the refrigerating machine used city water for cooling during 
the period of observation, and was used 13.2 hrs. during an average day. The 
refrigerating machine is started at 7 a.m. and runs until brine is chilled to a tem- 
perature low enough to handle the night load. The cooling water is turned on and 
off automatically from the machine switch-board by a solenoid-operated valve. 
The condenser is served by a '/s in. water line. A meter placed on this line 
showed an hourly consumption of 850 gal., or 11,220 gal. used on an average day. 

Figs. 15 and 16 show the drop in the use of city water just before 11:00 P.m., 
when the refrigerating machine was shut down for the night. The night load, 
after the refrigerating machine is shut down, consists of miscellaneous intermittent 
uses and whatever leaks there may be, in addition to the continuous use of water 
in two '/,-in. lines which serve the water sterilizers. 

In checking up on this night load, after the refrigerating machine and the water 
sterilizers were shut down, and after making an inspection which included the shut- 
ting off of all possible uses or wastes of water, such as drinking fountains left propped 
open, the flow meter chart showed an hourly use of city water of 600 gal. The 
inspection showed this minimum load to be due to the following outlets: one-half 
dozen leaking faucets in the main kitchen, two leaking faucets in the sterilizing 
room, and six defective drinking fountains of which there were four running one- 
fourth capacity, one running one-half capacity and one running full capacity. 
Each patient’s room has a wash bowl with hot and cold water faucets. These were 
not inspected. The faucets are of the compression type and are not self-closing, 
so that there is a tendency to leave them dripping. 

The softeners are flushed daily with city water. Figs. 15 and 16 show these 
flushings as abrupt rises in water consumption that persist for about 15 min. By 
finding the area of the flushing load on the charts for 4 average days of each 
month, one in each week, it was found that previous to September, 1926, the soften- 
ers used 2470 gal. for an average flushing and used 4860 gal. during an average 
day. After September, the amount used for each average flushing was 2040 gal. 
and for an average day 3610 gal. Each softener was flushed on an average of once 
a day during the first half of the period of observation. During the latter half of 
the period the flushings per softener per day averaged nine-tenths. 

The decrease in water used per flushing is accounted for by the installation of an 
orifice in the line, which reduced the maximum capacity of the flushing line. A 
comparison of the city water charts in Figs. 15 and 16 shows the effect of the 
orifice in restricting the flow during flushing periods. 

The hot water system accounts for about 4000 gal. of this 25,500 gal. increase 
in the use of city water There was a 24 per cent increase in the use of hot water 
during the last 8 months as compared with the amount used during the first half 
of the period of observation. 
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The effect of change in pressure on the water consumption can also be noticed 
during the months of June, July and August. The city water consumption per 
day, and per patient-day, decreased to some extent during these months. There 
seems to be no reason for this decrease from the use standpoint except for the effect 
of the decrease in hot water used. During these 3 months the city water depart- 
ment found it necessary to limit the pumpage because of a shortage of water from 
the wells, due to a delay in getting an additional well in operation. This caused 
the pressure in the mains to drop during the daily periods of maximum demand. 


The increase in city water pressure then is considered to account very largely 
for the increase in city water consumption. No changes were made in treatments 
or in kitchen operations requiring the increased use of water. No laundering is 
done in this building. 

The hot water consumption during the last 8 months of the period of observation 
on an average day was 20,900 gal. and per patient-day was 82 gal. During the 
first half of the period of observation, the consumption was 16,840 gal. per day and 
66 gal. per patient-day. This is an increase of 24 per cent on either basis. This 
increased use is considered to be due to the increased pressure on the city mains 
and to the dropping of the temperature of the hot water from 180 to 170 deg. 
fahr. which was done to reduce corrosion in the storage tank. 


The hot water system, since it is used intermittently from outlets, is probably 
more nearly typical of the average city load than the city water system of the hos- 
pital. By this reasoning 14 per cent of the 24 per cent increase in hot water con- 
sumption would be due to the increase in pressure and the remaining 10 per cent 
would be due to the drop in temperature. 


Fig. 12 shows this increase in water consumption and also shows a slight decrease 
during the summer months. This is considered to be due to the decreased pressure 
in the mains during periods of maximum demand, as mentioned before, and to the 
decreased use of hot water in the summer season. 


The averages of lake water used were taken for the last 8 months of the period 
of observation so as to be comparable to the city water and hot water used. The 
average daily use of lake water was 8430 gal. and on the patient-day basis was 33 
gal. Sand interfered with the by-pass meter in June; the meter was removed for 
testing and overhauling in July; hence, only the months from February to May, 
inclusive, are left for finding the average of the first period. The lake water used 
during this time was 6992 gal. per day and 27 gal. per patient-day. This is an in- 
crease of 20.7 per cent on the daily basis and of 24 per cent on the patient-day basis. 
This increase is unaccounted for, unless by the increased leakage of flushing valves 
or by a change in adjustment that caused additional water to be used during each 
flushing. Fig. 12 shows graphically this increase in lake water used. 


Fig. 9 shows the variations in lake water consumption for 4 typical months. 
The registration was obviously incorrect on the last two days of May, due probably 
to interference by sand in the meters. This condition continued through June. 
The registration of the first 4 days of August likewise appears low. On the 
5th, 9th and 10th of this month, the registration was double that of an average 
day. This abnormal use of lake water on these days was due to the operating 
engineer having circulated lake water through the heating system in an attempt 
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to cool the building. In figuring the average no correction was made since these 
abnormally high and low registrations offset each other. 

The steam termed steam for heating hot water includes in addition to that 
used for hot water, steam that is used in sterilizers and for cooking. The average 
amount used per day for the 12 months’ period from May, 1926 to April, 1927, 
inclusive, was 29,795 lb. and per patient was 118 lb. 

The steam used for heating the hot water only was calculated for the 8 months 
for which the average daily consumption of hot water was given. Account was 
taken of the heat utilized in heating the water by the condensate from the steri- 
lizers. The equation used was 20,896 x 8.34(170-50) = 1006(31,874 - X) + 
130 X, where X is the pounds of steam used for sterilizing and cooking. The 
amount used for sterilizing and cooking was 40 per cent of the total and for heating 
hot water was 60 per cent. This calculation does not allow for the radiation losses 
in circulating the hot water. Fig. 14 shows a night load of about 600 Ib. of steam 
used in heating hot water and sterilizing. It is considered that this amount was 
used in two water sterilizers, and to replace radiation losses. Fig. 14 shows a 
peak in steam used for hot water in the hour from 7 to 8 a.m. and from 9 to 10 
A.M., with a valley from 8 to9 a.m. Figs. 15 and 16 show a period of maximum 
demand from 8 to9 a.m. This difference in the time of maximum demand of the 
two items probably is due to the hold-over capacity of the large hot water storage 
tank. 


The averages of steam used for heating the building are given in Tables 3 and 4 
for a period of 12 months. For the 9 months considered as the heating season, 
leaving out June, July and August, the average daily use of steam was 51,615 Ib. 
The consumption per patient-day was 220 lb. Fig. 13 shows that the average 
steam consumption per patient-day follows the trend in outside temperature as 
closely as does the steam consumption per day. 

At the University of Wisconsin, the heating season is figured as 260 days from 
September 15 to June 1, inclusive. For the hospital building, in the year 1926- 
1927, the steam used was 421 lb. per sq. ft. of hot water radiation per heating 
season. For the entire University, the steam used per square foot of steam radia- 
tion per heating season was 810 lb. 


Conclusions 

The total water used per patient-day was 366 gal. This is the sum of the city 
water and lake water averages on the patient-day basis during the last 8 months 
of the period of observation. During this time the condenser on the refrigerating 
machine used 11,220 gal. on an average day, or 44 gal. per patient-day. The flush- 
ing of softeners account for 3610 gal. on an average day, or 14 gal. per patient-day. 
Without the mechanical refrigeration plant and water softeners, the total water 
consumption would have been 308 gal. per patient day. 

The hot water used per patient-day was 82 gal. This is 22.4 per cent of the total 
water used, or 26.6 per cent of the total water used exclusive of water for softener 
flushing and for cooling in the refrigeration plant. It should be noted that the 
above figures are for a hospital without a laundry. 

The per-capita water consumption per day of the city of Madison is 102 gal. A 
comparable unit for the hospital would be the per-occupant-per-day consumption. 
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During the entire period of observation the number of occupants other than pa- 
tients remained practically constant. There were about 55 full-time and part-time 
doctors amd interns, 120 nurses and 260 employees. The total estimated to be 
on duty during the day time was 360. The use of this number was considered 
to give the fairest basis of calculating the consumption per-occupant-per-day. 
Exclusive of the water used for softener flushing, and cooling in the refrigeration 
plant, this gives a per-occupant-per-day consumption of 127 gal. 

Table 7 gives a comparison of maximum rates to average rates of consumption. 
As an illustration, this table shows that on the per patient-day basis for city water 
there was a peak period of consumption 2.33 times the average rate of consumption 
lasting for at least 15 min. on the average day. For hot water this ratio is shown 
to be 3.92. This comparison shows that the hot water demand is more fluctuating 
than the total water demand. In determining the sizes of heaters, softeners, 
pipe lines and other pieces of equipment, it is important to know the maximum 
demands as well as the average demands that must be met. For instance, a soft- 
ener installed on the hot water system should not only be able to handle the daily 
load of 82 gal. per patient-day, but must be able to handle a load 3.9 times this 
amount for a period of at least 15 min. If it is not designed or chosen to meet the 
load during times of maximum demand, the water will not be entirely softened, 
and in some cases damage to the filter bed may occur. Likewise, the heater and 
the storage tank for the hot water system must be chosen with respect to the 
maximum demands for hot water. With a given ratio of maximum demand to 
average demand, either the heater must have sufficient capacity to handle this 
entire maximum load, or a storage tank must be provided of such a size that the 
maximum demands above the amount that can be handled by the heater will be 
drawn from the storage tank, with not more than the allowable drop in temperature. 


DISCUSSION 


H. H. Aneus: This paper gives a lot of very interesting information in regard to 
the fluctuation of the load on a hospital. Table 4 puts this on the basis where it 
can be compared with other hospitals. In connection with the electric work on 
Table 4, the word kilowatt is used. Should it not be kilowatt hours? 


PROFESSOR LARSON: The heading should be kilowatt hours. 
Mr. Anous: I have data on a 700-bed hospital and a 300-bed hospital and I 


just wanted to make a comparison. On the 700-bed hospital, there was used 


340 U. 8. gallons per patient-day and on the smaller one 322. On these two 
hospitals the laundry requirements are close to 40 gallons per day so that the 
figures to compare with Table 4 would be around 300 gallons per patient day, 
which is very considerably below the figures for the hospital described in the paper. 

The ice used for packs for the two hospitals to which I refer is about 5 lb. per 
patient-day, which corresponds very closely to the one described. The average 
electric load per patient-day is around 5'/, kilowatt hours for both these hospitals 
and the peak load for 15 min. about 0.28 kilowatts. The peak load is only about 
18 or 20 per cent of the total electrical load in a hospital. 
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AIR LEAKAGE STUDIES ON METAL WINDOWS IN 
A MODERN OFFICE BUILDING 


By F. C. HoucuTrsen anp M. E. O’Connetu 


SYNOPSIS 


In this report, the Research Laboratory of the American Society 
of Heating and Ventilating Engineers presents information con- 
cerning the leakage of air through metal windows in a modern 
office building, and the effectiveness of weatherstripping in its 
reduction. The reasons for the investigation, method of attack, 
instruments used and the magnitude and significance of the 
results are discussed. 


ing and the effect of weatherstripping in reducing this leakage was made 

possible by cooperation between the Research Laboratory of the AMERICAN 
Society or HEATING AND VENTILATING ENGINEERS and other organizations. The 
Southwestern Bell Telephone Co., through its architects, Mauran, Russell, and 
Crewell, and associate architect, I. R. Timlin, made available space and other 
facilities for the study in its new building in St. Louis. The Athey Co., The 
Campbell Metal Window Corp., The Chamberlain Metal Weatherstrip Co., and 
The Monarch Meta] Products Co., each equipped one window with its weather- 
stripping, or leakage retarding improvement, and furnished other equipment 
necessary for the tests. Arrangements for the investigation were completed* by 
8. R. Lewis, chairman of the Committee on Research of the Society, and repre- 
sentatives of the other organizations. The investigation was made by the staff of 
the Laboratory during May and June. 


Type of Building Studied 


The Southwestern Bell Telephone Building in St. Louis, Fig. 1, is a modern 
skyscraper of the setback type, partly occupied by the telephone company for its 
exchange and office requirements. The other space in the building is leased for 


A STUDY of air infiltration through metal windows in a modern office build- 


* Late in April, 1927. 
Presented at the Annual Meeting of the American Society of H&ATING AND VENTILATING 
Enorngegrs, New York, N. Y., January, 1928, 
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office purposes. The building is 32 stories high and contains 514,380 sq. ft. of 
floor space. 

Windows having a northern exposure in the northwest corner of the eleventh 
floor were chosen for test. These windows are indicated by x-x in Fig. 1, while 


- - ” moO aman 7 





Fic. 3. SOUTHWESTERN BELL TELEPHONE BUILDING, 
St. Louis, Mo. 


Fig. 2 shows a plan of the eleventh floor. Windows 1, 2, 3, 4 and 5 were tested. 
Window 6 was used for collecting wind pressure data and for other observations. 


Probable Value of Results of Study 


The investigation was of particular interest to engineers, architects, and 
building owners. 
1. It gave an opportunity to study infiltration through metal windows on which 
little or no data have been available. 


2. It offered information on the average effect of various types of leakage retarding 
devices in reducing infiltration through such windows. 
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Fic. 2. ELEVENTH FLooR PLAN, SOUTHWESTERN BELL 
TELEPHONE BUILDING 


3. It offered an opportunity to demonstrate the feasibility of making infiltration 
tests on windows in an actual building. 


4. It was hoped that the findings would give an indication of the reliability of 
results on air leakage through windows collected under laboratory conditions where 
an artificial wind pressure is created by fans. 


Proposed Apparatus : 
The investigation offered difficulties as well as opportunities not encountered 
in the Laboratory. Originally, it was planned to measure the air leakage through 
the windows by the orifice method in a manner similar to that developed and used 
by the Laboratory in its infiltration studies in Pittsburgh. Fig. 3 is the apparatus 
developed and used by the Laboratory for determining leakage through windows. 
A static pressure equivalent to any desired wind velocity is maintained in the pres- 
sure chamber A, and the air leaking through the window or other construction is 
collected in chamber D and measured as it passes out through the orifice EZ. 
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Fic. 3. LasporaTory APPARATUS FOR STUDYING AIR LEAKAGE THROUGH 
BuILpING CONSTRUCTION 
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Fic. 4. Oririce MerHop 
PROPOSED FOR MEASURING 
INFILTRATION THROUGH 
WINDows 


Fig. 4 is a modification of the Laboratory apparatus which it was thought could 
be used for determining leakage through actual windows. The collecting chamber 
A is clamped against the wall BC containing the window. Air leaking through the 
window due to a wind pressure on the outside is collected in chamber A and mea- 
sured as it passes out through orifice Z. 

There are two fundamental difficulties with this method of procedure. First, 
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Fic. 5. VARIATION In WIND PRESSURE 
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measurement of the air leaving the collecting chamber by the orifice method re- 
quires a pressure drop through the orifice and hence a higher pressure in the collect- 
ing chamber than in the surrounding room F. Since the pressure in the collecting 
chamber will be greater than the pressure in the room, the full pressure of the wind 
against the window will not be effective in causing leakage through it. The 
observed infiltration under such test conditions would necessarily be less than nor- 
mally taking place. Second, wind pressure is extremely variable and hence the 
rate of infiltration through the window will vary over a wide range. Since the 
orifice method of measurement gives only the instantaneous rate of flow at the time 
of observation, it is not easily adaptable for measuring variable flow. 

Fig. 5 shows variation in wind pressure against a window in the Southwestern 

















Fic. 6. APPARATUS USED FOR MEASURING INFILTRATION THROUGH WINDOWS 


Bell Telephone Building over a period of 10 minutes while the Weather Bureau 
reported a northeast wind of 12 to 15 miles an hour. Observations were made and 
the pressure plotted every 15 seconds. It will be noted that the pressure was ex- 
tremely variable, changing several times from a maximum positive to a small 
negative value over a very short period. If an orifice method were used for 
measuring the leakage, the orifice pressure observed would show the same cycles of 
variation, although the magnitude of variation would probably be much less. It 
would be necessary to take frequent readings and integrate the area under such a 
curve in order to determine the quantity of air leaking through the window over a 
period of time. Obviously this would be impossible without considerable error. 


Apparatus Used 


Because of these difficulties the method shown in Fig. 6 was finally adopted and 
used throughout the tests. The collecting hood A was clamped to the wall around 
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the window under test. Air was exhausted from the collecting chamber by means 
of the blower B through the gas meter C so as to maintain zero pressure difference 
between the collecting chamber A and the room D. This insured the same leakage 
through the window at any wind velocity as would take place if the collecting 
chamber was not clamped to it. In other words, it insured normal leakage through 
the window. 

A calibrated gas meter was used for measuring the air taken from the collecting 
chamber. The exhaust fan used had a capacity in excess of the estimated re- 
quirement for exhausting all of the infiltering air through the meter. Valves 
E, F, and G made it possible to control the flow so as to maintain a constant pressure 
in the collecting chamber equal to that in the surrounding room, as indicated by 





Fic. 7. Test Set-Up For MEASURING INFILTRATION THROUGH WINDOWS IN 
SOUTHWESTERN BELL TELEPHONE BUILDING 


a sensitive inclined pressure gage H. Meters having a capacity of 5000 cu. ft. 
per hour were used for testing the weatherstripped windows. A 10,000 cu. ft. 
meter was used for testing the non-weatherstripped window. Standard 4-in. 
pipe was used for the duct between the collecting chamber and meter, and 3-in. 
pipe between the meter and blower. A 3-in. gate valve was used for main control, 
and 2-in. valves for bypass control. 

The five meters were lent for the tests by the Pittsburgh Equitable Meter Co., 
and were calibrated at the factory before shipment. To insure that after applying 
the calibration correction they all read alike after shipment, they were compared 
at the scene of the tests before they were installed. All five meters were connected 
in series with one of the exhaust blowers, and air was drawn through them at various 
rates. After taking into consideration the difference in pressure of the air passing 
through the different meters due to the pressure drop through the series, and after 








——— 


WIAA 







































































_Zwyy 














328 Transactions AMERICAN Society oF HEATING AND VENTILATING ENGINEERS 


applying the calibration correction to each, all meters read alike at all rates of flow 
to within plus or minus 1 per cent. 

Fig. 7 shows the collecting chambers, meters and other test equipment attached 
to the 5 windows under test. The windows were all of the same size and construc- 
tion. The choice of windows for the different leakage retarding devices was de- 
cided by lot. From the reader’s right to left, they are in the following order— 
the Athey stripped window, the non-weatherstripped window, the Chamberlain 
stripped window, the Campbell improved window, and the Monarch stripped 
window. 

The windows as found in the building were Campbell metal frame and a sash 
of that firm’s standard specification of 1925. The unstripped window was tested 
without any adjustment or change from the condition in which it was found. 
Before the windows which were to be weatherstripped were altered, the force 
necessary to open each of the five windows was determined. A spring balance was 
attached by cords to the two hand grips on the sash and a force of increasing mag- 
nitude was applied until the sash began to move. The force was then reduced so 
that the sash continued to move with uniform velocity. The force necessary to 
start the sash and that necessary to continue it in uniform motion after starting 
were both recorded. The forces necessary to start and open the windows after 
the application of the weatherstripping were also determined. The averages of 
the force necessary to start the six sash before and after weatherstripping were 
29 Ib. and 35 lb., respectively. After the sash were started, average forces of 14 Ib. 
and 20 Ib., respectively, were necessary to continue their uniform motion. 

It was hoped that data could be obtained on the decrease in leakage resulting 
from caulking around the frame. Therefore, it was planned to make tests first 
without caulking the frames and again after the crack between the masonry and the 
frame was caulked. The windows tested, however, were so well caulked that a 
careful inspection did not reveal a single hair crack between the frame and masonry. 
It was not necessary, therefore, to caulk the frames. 

To make certain that no leakage took place between the glass and the sash, 
all such joints were sealed where it seemed the least bit possible that leakage could 
take place. 

Fig. 8 shows the frame and sash as found in the building. Figs. 9 to 12 show 
details of the application of the different leakage retarding devices. The Camp- 
bell improved window was changed by that firm in accordance with the present 
specification of its standard equipment, which includes a leakage retarding feature 
built into the window. Each of the other windows was equipped with weather- 
stripping by representatives of the respective companies participating in the 
studies. The test equipment was then installed and made ready for operation with 
the exception of closing the man-hole opening J, Fig. 6. Representatives of the 
different improved windows were then allowed to inspect, finally, their respective 
windows, immediately after which the windows were inspected by a committee 
of three, representing the architects, the Bell Telephone Co. and the Research 
Laboratory. After inspection both the upper and lower sash of each window were 
run up and down several times, closed tightly and locked. As soon as this was 
accomplished, the man-holes were closed and sealed. 

The sixth window left, Fig. 2, was fitted with a tube leading outside, flush with 
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the window surface, and connected by rubber tubing to an inclined pressure gage 
for observing wind pressure against the window. The corner window at the 
reader’s left, Fig. 2, having a western exposure, was likewise fitted with a 
tube leading to the outside, so that the wind pressure on this exposure could be 
observed. 


4 Tycos electric cup anemometer was placed on top of a pent-house on the roof 
of the Majestic Hotel, across the street from the windows under test. At that point, 
the anemometer was about 100 ft. in front of, and about 20 ft. below the windows 
tested, and clear of all obstructions for about a block on all sides, with the exception 
of the Bell Telephone Building. The anemometer was of the electrical contact 
indicator type. Observation of the change in reading of the indicating instrument, 
which was in the test room, over a given period, gave the wind travel and the aver- 
age wind velocity could be calculated. The St. Louis station of the U. S. Weather 
Bureau is 4 blocks east and 1 block north of the Southwestern Bell Telephone 
Building, and meteorological readings for any period were available. 


Test Manipulation 


In making a test, an observer manipulated the valves so as to maintain a zero 
pressure drop between the collecting chamber and the room, as indicated by the sen- 
sitive pressure gage before him. An observer was required for such manipulation 
for each window under test. If sufficient observers were not available for making 
simultaneous tests on all windows, tests were made on at least two windows one of 
which was always the non-stripped window. Another observer made frequent 
observations of the anemometer indicator, pressure gages, meters, and wind 
direction. The wet- and dry-bulb temperatures were also recorded. The wind 
direction and velocity and barometric readings were later obtained from the 
weather bureau for the period of the test. 


It was hoped to obtain tests with wind velocities perpendicular to the window 
ranging up to 30 miles an hour but it was soon found, however, that satisfactory 
wind was not to be had excepting at very infrequent intervals, and then the ve- 
locity was never very high. 


A large number of tests were made with pressure drops through the window cre- 
ated by exhausting air from the collector chambers. Pressure drops equivalent 
to various wind velocities could easily be mairitained for such tests. One observer 
controlled the pressure drop through each window under test by manipulating the 
valves while another observer recorded other observations. A few tests were also 
made by reversing the process—that is, by blowing air into the collecting chamber 
through the meter so as to give a desired positive pressure in the collecting chamber 
and a pressure drop through the wmdow. 


After an extended series of tests’ with the locked windows had been made, 
the seal on the man-hole covers in the collecting chambers was broken, and the 
covers were removed. The windows were unlocked, opened and closed several 
times, and then closed tightly after which the man-holes were again closed and 
sealed. A short series of tests was then made on the unlocked windows with ar- 
tificial wind pressures only—that is, by maintaining a pressure drop through the 
window by exhausting air from or blowing air into the collecting chamber. 
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Test Data 


The object of the comparison of leakage through weatherstripped and non- 
weatherstripped windows was to establish data regarding reduction in leakage, which 
might be expected from the application of any good weatherstrip, and was not to 
establish the relative merits of the four strips studied. This report is only con- 
cerned with the average leakage through the different weatherstripped windows and 
the numerical value of such averages only are given. It is, however, desirable in 
this report to illustrate the consistency of the data collected on the different win- 
dows, and for this purpose, all data collected on one weatherstripped window is 
shown. However, the scale showing the magnitude of the leakage is purposely 
omitted so that a direct comparison is not possible, even though the particular 
make of weatherstrip be ascertained. 


Points on curves C and D, respectively, Fig. 13, are the results of tests with ar- 
tificial wind pressures on the non-weatherstripped window, locked and unlocked. 


The curve in Fig. 14 is a reproduction of curve C, Fig. 13, with the test points 
for natural wind pressures against the locked, non-weatherstripped window, plot- 
ted on it. The leakage is plotted against the pressure drop resulting from natural 
winds as observed at the sixth window. 


Curves A and B, Fig. 15, show the leakage through one of the weatherstripped win- 
dows, locked and unlocked, respectively. The test points are for artificial wind pres- 
sures only, and are plotted to an unknown scale in order to avoid direct comparison. 


Fig. 16 is a comparison of artificial wind pressure data and natural wind pressure 
data for a weatherstripped window. The curve is based on data obtained with 
artificial wind pressures; the indicated test points are for natural wind pressures. 
All points are plotted to an unknown scale. 


Curves A and B, Fig. 13, are the averages of curves for all four weatherstripped 
windows for the locked and unlocked conditions, respectively. 


Discussion of Results 


The data in the curves, Figs. 13 to 16, indicate that consistent results can be 
obtained from tests on windows in an actual building. The data collected when 
artificial wind pressures were produced show a very consistent curve, even though 
tests were made under varying conditions and over a period of several weeks. 
The test points for natural wind pressures, Figs. 14 and 16, show that practically 
the same leakage results from a given pressure drop regardless of whether it is 
produced artificially or by a natural wind. Curves A and B, Fig. 13, the averages 
of all weatherstripped windows tested, show that the average of the leakage re- 
tarding devices decreased the leakage about 56 per cent for a 30 mile wind. 


Although a direct comparison of the leakage through the various stripped win- 
dows is not possible in this report, it should be added that the maximum variation 
of any strip from the averages as given in curves A and B, Fig. 13, is little greater 
than might be expected by the application of the same strip to two different windows 
by different mechanics. The variation in leakage through the different stripped 
windows tested is of minor importance when compared to the great reduction in 
leakage resulting from the application of any of the strips tested. 
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Curves C and D, Fig. 13, show the reduction in leakage resulting from locked 
windows. This fact is of some importance in the conservation of heat, and is a 
factor worthy of consideration in meeting the heating requirements of a large 
building in severe weather. The heat loss by infiltration through windows of the 
type tested is reduced about 10 per cent by locking with a 30 mile wind. 


Conclusions 


1. The investigation establishes the heat loss by infiltration through the metal 
windows tested for different conditions as given in Tables 1 and 2. It indicated 
that infiltration loss through such metal windows can be reduced about 10 per cent 
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by locking an unweatherstripped window, and an average additional 56 per cent 
by applying weatherstripping of the types studied to the locked window. 

2. Application of leakage retarding devices to metal windows of the type studied 
can be accompanied by an average reduction in radiation installed to meet the heat- 
ing requirements in zero weather with a 15 mile wind of 0.28 sq. ft. per foot of 
crack around the sash or a reduction of 7.2 sq. ft. per window of the particular size 
investigated. 

3. Determination of infiltration through windows in actual buildings is quite 
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feasible although much more difficult than making similar tests under laboratory 
conditions. 

4. Data collected under natural wind pressures in an actual building are prac- 
tically the same as those collected for artificial wind pressures. It may be assumed, 
therefore, that data collected under laboratory conditions with artificial wind pres- 
sures are quite satisfactory. 


TaBLE 1. INFILTRATION THROUGH METAL WINDOWS 


Wind Non-weatherstri est Non-weatherstripped Weatherstripped 
Velocity Window, Window, Unlocked Window, Unlocked 
Miles Leakage Heat Loss Sq. ft. gs 3 Heat Loss Sq. ft. Anainge Heat Loss Sq. ft. 
r cu. ft./- B.t. - e- Radia- cu. ft. B.t.u. -/hr. Radia- cu. ft. /- B.t.u. ie Radia- 
ce. hr. 0-70 tion hr. 0-70° F. tion hr. 0-70° tion 


5 660 832 3.5 660 832 3.5 210 265 1.1 
10 1470 = 1852 7.7  .1530 1928 8.0 600 756 3.2 
15 2280 2872 12.0 2400 3025 12.6 1020 1285 5.4 
20 3120 3932 16.4 3360 4235 av? 1488 1875 7.8 
25 4050 5105 21.3 4440 5595 23.3 1950 2458 10.2 
30 4980 6275 26.2 5520 6960 29.0 2460 3100 12.9 
35 6060 7640 31.8 6870 8660 36.1 3060 3858 16.1 


TABLE 2. INFILTRATION THROUGH METAL WINDOWS PER Foot oF CRACK 


Wind Non-weatherstripped Non-weatherstripped Weatherstripped 
Velocity Window, Locked Window, Unlocked Window, Unlocked 
Miles Leakage Heat Loss Sq. ft. Leakage Heat Loss Sq. ft. inne Heat Loss Sq. ft. 
‘oy cu. ft./- B.t.u./hr. Radia- cu. ft./- B.t.u. fbr. Radia- cu. ft./- B.t.u./hr. Radia- 
r. 


hr. 0-70° F. tion hr. 0-70° F. tion hr. 0-70° F. tion 

5 25.5 32.1 0.13 25.5 32.1 0.13 8.1 10.2 0.04 

10 56.8 71.5 0.30 59.1 74.4 0.31 23.2 29.2. 0.12 
15 88.0 110.8 0.46 92.5 116.8 0.49 39.4 49.6 0.21 
20 120.4 151.8 0.63 129.7 163.4 0.68 57.5 72.4 0.30 
25 156.3 197.0 0.82 171.4 216.0 0.90 75.3 94.9 0.40 
30 192.2 242.2 1.01 213.0 268.7 1.12 95.0 119.9 0.50 
35 2383.8 2094.9 1.23 265.0 334.3 1.39 118.1 148.8 0.62 

DISCUSSION 


G. B. Nicnots: I think this paper is very timely on account of the number of 
skyscrapers being built at the present time throughout the country. There is 
one phase of the paper that is still unfortunate. I think the paper carries a little 
too much of an advertising nature and you might get the idea (not that I have any- 
thing against it) that the Campbell window is the best window to use in skyscraper 
work. The title of the paper is not quite covered by the material of the paper. 
It only touches one phase, that of infiltration through windows. I recently have 
been connected with several skyscrapers and have my office in one. I was led 
to make some studies around that building, the Tribune Tower in Chicago. There 
was a paper several years ago at one of our Atlantic City meetings on the neutral 
zone in skyscrapers. I think it has been a subject that has been little thought out. 
I had my office on the 19th floor of the Tribune Tower in Chicago. It was almost 
impossible to keep that room at 70 deg. Most of the time it varied from 55 
to 60. I had thermometers in the room continuously in winter weather. In other 
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words, that office appeared to be in the neutral zone. On the bottom floors we 
had the infiltration of air and on the upper floors the outgoing air. 

There are no papers in existence that in any way approach that subject of how 
much radiation shall be put into the bottom floors of a skyscraper, how much on 
the top floors with the same type of rooms. 

To add to this information, in a recent skyscraper that has been built in Chicago 
and nearing completion at the present time, the building was laid off with the usual 
metal windows. That building contains approximately 50,000 square feet of radia- 
tion. Campbell windows were put.in that building. One of the great arguments 
was that the saving in radiation would be more than offset, or would more than 
offset the extra cost of the Campbell windows. The extra cost in that building 
was approximately $5000. The engineers were asked to revise the plans, the radia- 
tion to meet the Campbell window infiltration. The reduction on the plans was 
about 10 per cent in radiation. The actual cost of the reduction was about 28 
cents a square foot which amounted to about $1300. So that the extra cost of 
the windows was approximately $3700. They cannot substantiate the special 
windows and their extra cost on the saving in radiation. There is no leg to 
stand on at all. The leg to stand on is the saving in fuel. 

There was one other point that is well worth considering bringing under this 
head, the argumentative point of having a control on the downfeed riser. Gener- 
ally speaking skyscrapers are downfeed system and at the top of each riser insert- 
ing a control valve, an air control valve, and having that operate by air pipes to 
the boiler room. There are a number of buildings in Chicago that have been built 
along that line. The engineer turns off the risers on the sunny side of it during 
the daytime. In other words, he follows the sun around the building. If the 
sun is in the east he will cut off a few of the risers on the east side and as the sun 
goes around the buildings he will cut off other risers. There is quite a chance for 
saving along that line and it should come under this head. 
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No. 804 
THE SEMI-ANNUAL MEETING, 1928 


NE of the largest summer meetings ever held of the American Society oF 
HEATING AND VENTILATING ENGINEERS was the 34th Semi-Annual gathering 
held at the West Baden Springs Hotel, West Baden, Ind., June 26 to 29. 

Of the 250 registered it was noticeable that a great majority were members who 
took a keen interest in the proceedings. The sessions were presided over by Pres. 
A. C. Wlliard, professor of mechanical engineering, University of Illinois, and 
under his direction it was found that each subject was discussed in detail and plenty 
of time remained to participate in the entertainment features which were directed 
by C. R. Ammerman of Indianapolis, chairman of the Committee on Arrange- 
ments. 


Report of Committee on Heating and Ventilating Garages 


In the interest of fire protection, proposed regulations governing the construction 
and operation of bus garages prepared by the Committee on Garages of the 
National Fire Protection Association, were adopted as a tentative standard at 
the annual meeting of the Association in Atlantic City, N. J., May 7-10, 1928. 


ABSTRACT 


The Code as submitted for tentative adoption after revision from the preliminary form in which 
it was presented last year, covers the construction of bus garages, with limitations as to height and 
area and other features, drawn with consideration of the high unit value of the bus and the serious im- 
pairment of transportation facilities resulting from fires in bus garages. The regulations provide for 
the separation of hazards, such as repairing operations, painting and heating plants from the main 
garage area, and for mechanical ventilating systems wherever ample natural ventilation is not obtain- 
able. Fire protection, the storage and use of flammable liquids, housekeeping and various operating 
details are also covered in the regulations. 


COMMITTEE 
H. E. Newell, Chairman 
K. W. Adkins, F. H. Alcott, E. P. Boone, K. B. Brier, E. K. Campbell, A. M. Daniels, W. EK. 
Estep, R. H. Goodwin, Louis Harding, G. C. Hecker, W. F. Hickey, A. D. Knox, R. C. Loughead, Ray 
Nelson, I. Osgood, R. E. Plimpton, A. M. Schoen, H. S. Smith, John Stilwell, J. F. Templin, J. S. 
Trump, W. B. White and Wm. P. Vant. 


The abstract from the code consisting of Sections 15 to 19, given in the following 
paragraphs, quotes the regulations covering heating and ventilation and is sub- 
mitted to the American Society oF HeaTING AND VENTILATING ENGINEERS for 
tentative adoption. In the preparation of this work E. K. Campbell represented 
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the Society and he was assisted by Thornton Lewis, W. H. Carrier and E. B. 
Langenberg. 


Section 15 


(a) Garage heating plants should preferably be located in a detached building. 
If within the garage, the heating plant shall be placed in a separate room used for no 
other purpose and cut off horizontally and vertically from all other parts of the building 
by reinforced concrete walls not less than 6 in. thick, or masonry walls not less than 8 
in. thick. 

Openings in such walls shall be restricted to those necessary for heating ducts. 
There shall be no opening between the firing space of any heating apparatus and the 
garage. Entrance to room containing the heating plant shall be from the outside only. 

All air entering the heat generating plant for combustion purposes shall be drawn 
from outside the building. 

(b) Sufficient heating capacity shall be provided to permit the operation of the 
ventilating system in the coldest weather, and at the same time maintain an inside 
temperature of not less than 40 deg. fahr. 

(c) No method of heating shall be used which permits flame in the garage or in 
any communicating room. . 

(d) Motors used in connection with heating system shall be of the constant 
speed type. All switches for such motors shall be of approved design and installed in 
compliance with the National Electrical Code. ‘Three phase motors shall be protected 
against single phase operation. 

(e) The use of steam plants heated by either direct or indirect radiation is per- 
mitted, provided the requirements of the ventilating section of these regulations are 
complied with. 

(f) Unit heaters employing steam generated at some other point are permitted 
provided the requirements of the ventilating section of these regulations are complied 
with, and provided further that fans and motors shall be located in compliance with the 
National Electrical Code. 

(s) Steam blast systems with central fan and coils together with ducts are per- 
mitted provided the requirements of the ventilating section of these regulations are 
complied with. The heating coils of such systems shall be separated from the firing 
space by masonry walls at least 8 in. thick. 

(hk) Warm air furnace blast systems of heating are permitted provided the require- 
ments of the ventilating section of these regulations are complied with. The air space 
surrounding the furnace within the heating chamber shall be separated from the firing 
space by a masonry wall at least 8 in. thick. This wall may be pierced only by the 
feed and ash pouches of the furnace. 

(i) Recirculation of air within the garage is permitted provided the provisions of 
the ventilating section of these regulations are complied with. In addition to the air 
drawn from the outside as required by Section 16 (d) the volumetric contents of the 
garage shall be recirculated once every 20 minutes. 

(j) In central furnace fan plants, 5 per cent of the air moved by the fan shall be 
taken direct from outside of the building through a duct which shall deliver the outside 
air to a point near the floor on which the fan rests; the duct shall be open at all times 
and the air supply which it provided shall be without control. 

(k) All fans used for recirculating air within the garage or exhausting air from the 
garage shall be of non-sparking type. 


Section 16. Ventilation of Storage Sections 

(a) ‘These regulations shall apply to the following garages: 

1. Garages housing 35 or more motor vehicles with 3 or more walls pierced with 
openings. 

2. Garages housing 25 or more motor vehicles with 2 walls pierced with openings. 
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3. Garages housing 4 or more motor vehicles and located above ground but having 
less than 2 walls pierced by openings and exposed to the outside. 

4. Garages housing 4 or more motor vehicles and located below the level of the 
ground. 

(6) Natural ventilating may be employed where it is practicable to maintain open 
windows or other openings at all times. Such openings shall be distributed as uniformly 
as possible in at least two outside walls. The total area of such openings shall be 
equivalent to at least 5 per cent of the floor area. 

(c) Where it is impracticable to operate such a system of natural ventilation, a 
mechanical system of ventilation shall be provided. This system may be combined 
with the heating system or may be an entirely separate installation. 

(d) Positive provision shall be made for either the inlet of 1 cu. ft. of air per 
minute from out-of-doors for each square foot of floor area, or for removing the same 
amount and discharging it to the outside. 

(e) For the purpose of the regulations, positive means of handling air shall be un- 
derstood to mean a power-driven fan of sufficient capacity to move the required volume 
of air. 

(f) Where positive systems of exhausting air are used, the exhaust openings shall 
be not more than 24 in. above the floor and shall be not more than 50 ft. apart 

(g) Garages having a capacity of not less than 4 or not more than 35 cars within 
the scope of these regulations may consider air exhaust stacks as positive, provided 
they have not less than 15 sq. ft. of steam heating surface for each square foot of duct 
area, and not less than 1 sq. ft. of free area through both heating coil and duct for each 
350 sq. ft. of floor area. Such an exhaust duct shall discharge above the roof and extend 
in any case to a height of not less than 15 ft. above the heating coils. 


(h) Where mechanical systems of introducing outside air are used, and where air 
is recirculated the air shall be delivered horizontally and in sufficient volume and with 
sufficient velocity to secure distribution to all parts of the building. The height of the 
air inlet opening shall be such that the air will be discharged above the top of the ve- 
hicles. 

(i) All duct openings, either supply or exhaust, shall be covered with '/;-in. mesh 
screen. 

(j) The passing of air ducts through fire walls shall be avoided wherever possible. 
Ducts shall be installed in accordance with the regulations for the installation of blower 
and exhaust systems. 


Section 17. Repair Shops 


(a) Repair shops shall be veniltated as required for garage storage sections, ex- 
cept that mechanical means shall be provided for both the inlet and exhaust of 1 cu. ft. 
of air per minute per square foot of floor area. 


(6) In connection with engine testing it is recommended that the engine discharge 
direct to outdoors through a straight duct or pipe of incombustible material, and of 
suitable size, installed as an extension of the exhaust pipe or muffler in which case the 
mechanical system for inlet or mechanical system for exhaust may be omitted. 


Section 18. Fuel Burning Appliances 


Steam generators for tire vulcanizing, for oil and grease removal and for purposes 
other than space heating water heaters, and other fuel burning appliances such as forges 
shall not be installed within bus operating section or within carpenter or paint shop. 


Section 19. Inspection and Repair Pits and Trestles 


Elevated trestles or hoists are preferable for this service. If pits are used, they 
shall be continuously ventilated by a system independent of the main garage ventilating 
system. Such pits shall be cleaned at least daily and no accumulation of oil and grease 
permitted. Permanent illumination shall be provided. 
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DISCUSSION 


E. 8. Hautzterr: I have no particular objection to the report that has been 
brought forth, but it is not complete, as yet, because the protection of health which 
I consider the most important part of it, has not been included. 

As our Research Committee has already stated that probably in the near future 
the Research Laboratory will take up the question of determining the condition 
of health in garages, I think that this ought to stand by until we have that in- 
formation from the Research Laboratory. 

I am willing to approve this, as far as it goes, but with the understanding that 
it is to be completed as soon as sufficient data have been given us. 


TuornTon Lewis: If the chair might be allowed to say something on that 
point, (as I happen to be a member of the Committee), this code is a code of minimum 
requirement for garages for fire prevention. As such, if there is no objection to 
the principles involved in this code, we can proceed and adopt the code; then 
later we can consider a code for health requirements in garages. That is another 
far-reaching step. 

F. A. Krrcuen. I understood from looking over the code that the ventilation 
section is a basic part of this code. If there are to be revisions of this section as 
indicated by the chairman, we should not approve it as to basic principle. 


Mr. Lewis: The ventilation required in this code as presented is for the pur- 
pose of fire prevention, not for the purpose of protecting health. 


F. Paut AnpeRson: We are voting on the question of a progress report. We 
accept this progress report, and there is no code to be adopted, as I take it. Is 
that right? ; 


Dr. E. V. Hirt: Mr. Chairman, I have not read the code just presented but if 
I understand Mr. Campbell correctly, this is entirely a code of fire prevention. 
What has this organization to do with fire prevention, I mean primarily as a basis for 
the code? We are interested in heating and ventilation, and it seems to me those 
things should come first. We have numerous fire prevention organizations to 
care for fire prevention codes, and why should we start in by adopting something 
which seems to me entirely foreign to our activities? 

Another thing: A good many people will gain the impression, without studying 
this matter in detail, that this is a complete code adopted by the American So- 
creTY OF HEATING AND VENTILATING ENGINEERS, but it is only a fire prevention 
measure. I think it is a questionable procedure to adopt it at this time in its 
present unfinished form. 


J.C. Mixes: I think in view of the fact that our part of heating and ventilating 
garages has a great deal to do with the fire hazard, I am inclined to feel that we 
ought to take some definite action on it for the reason that we will have to cooperate 
with the Underwriters, and without the protection that we give, why, the Un- 
derwriters will be practically in a position where they would specify that no heating 
system shall be put in a garage building, no kind of fire shall be put in a garage 
building, ete., so if we are going to offer to the Underwriters our suggestions, I 
believe after reading this code over, it is excellent, and a thing we should do. 
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P. E. Fanster: I want to inject a word here because I happened to be in at the 
start of this. When Mr. Newell of the National Fire Protection Association de- 
sired some technical information on the ventilation of garages, having respect only 
to explosion risk and having nothing to do with the protection of health or life, he 
came to this Society for information. The committee of the National Fire Pro- 
tection Association have tentatively accepted this as their code, not ours, and they 
will not finally accept the recommendation of our Committee until the Society 
has backed up the Committee report, and that is the essence of the whole thing. 

This is not a code for our use; it is a code of assistance for them, and we are 
merely acting as advisers to them. 


Dean Anperson: In view of the fact that the reader of the paper stated that 
they are still working on the code, and in view of what Dr. Hill has said, that adop- 
ting this at the present time might be construed as adopting a code in a fixed form, 
I offer a substitute motion that this code be referred to the Committee for further 
consideration. 


E. B. LancenserG: I don’t think that is necessary, Dean Anderson, for this 
reason: All we want is the approval of the progress report. We are not adopting 
the code. We are adopting the approval of the report up to this point. It gives 
us a standing in that joint committee with which we are working. We need action 
of this kind for that reason. 

We have been trying to get a contact with the National Fire Protection Assso- 
ciation. This is a good contact. If we don’t carry on they will legislate con- 
cerning fire hazards and some of it is working an injury to a certain section of 
this group at the present minute. 


H. M. Hart: As I understand it the Society has been asked to help in giving 
certain information necessary for fire prevention in garages. They want the en- 
dorsement of this Society of the Committee’s report. I think that if we are willing 
to appoint a committee to go ahead and do the work necessary to prepare such 
data, it is up to the Society to either accept the Committee’s recommendation 
or reject it. We should endorse it. Otherwise, why should we appoint a com- 
mittee. 

Mr. Kitcuen: The chairman of this committee advises us that there are other 
features of the present code to be revised. As long as changes are being made, 
would it not be advisable to follow Dean Anderson’s suggestion and refer this back 
to the committee without approving it? 


E. K. Campseui: Replying to Dr. Hill, the history of the thing is this: The 
National Fire Protection Association was asked by the Underwriters to prepare a 
code for the construction of heating and ventilating systems for garages from the 
standpoint of minimizing fire loss. They asked the American Society or HEat- 
ING AND VENTILATING ENGINEERS to appoint a representative to work with them. 


At the meeting a year ago the present committee was appointed as an advisory 
committee to consult with and advise our representative on the garage committee of 
the National Fire Protection Association. Thisisa report of the Advisory Committee 
of the work done thus far, which is possibly a compromise between all the com- 
mittees involved, and we are asking, not the adoption of the code, but what might 
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be called instructions as to whether we are working on the right line. If we are 
not working on the right line or lines that suit this Society, we want to know it, 
so that we can start over, or appoint another committee. If we are working on the 
right line, we want you to say so, so we can go to the National Fire Protection 
Association with your backing. 

I move the tentative adoption of this code as presented. 


Mr. Migs: I second the motion. 
Dr. Hitt: What does “tentative” mean? 


Mr. Lewis: In this instance I take it that it means that the committee is 
working along the right lines, that the Society is in harmony with their general 
ideas. At a later date a definite specific code will be submitted for adoption. 


Mr. CampBELL: I want to emphasize again the fact that the committee wants 
any suggestions that any of you can make that will help to make this code better 
in your opinion. Give them to us in writing, and, whether in detail or what. they are. 
We want them. 


Mr. Lewis: Send those communications to Mr. Campbell in Kansas City, 
or to the Secretary of the Society. 


Resolutions on J. H. Kinealy and W. S. Timmis 


Two resolutions were offered on recent deaths of the Society’s Past-Presidents, 
Walter S. Timmis of New York and J. H. Kinealy, St. Louis. 


Mr. Hallett paid a tribute to Prof. Kinealy and then presented the following 
resolution: 


Wuereas, the AMERICAN SociETy OF HEATING AND VENTILATING ENGINEERS 
has again been deprived by death of one of its cherished members and past-presidents, 
Prof. J. H. Kinealy, of St. Louis, Mo. It is deemed most fitting that attention be 
called to the fine qualities of the man and engineer, and to the services rendered to this 
society and to the fund of engineering knowledge in general. 

As professor of engineering at Washington University, during its early days, he de- 
signed a heating and ventilating plant for the university manual training building 
and after 40 years, is still giving excellent service. To Professor Kinealy belongs the 
distinction of designing the first all-blast heating system in St. Louis schools, which 
started the standard practice of using mixing dampers for warm air and tempered air. 

When he retired from this educational work to take care of his consulting business 
which was the first in that part of the country, his knowledge of the legal phases of engi- 
neering carried him rapidly into a practice of the law of patents and other allied legal 
business. He pioneered in this form of engineering and succeeded, as in all the under- 
takings to which he put his hand. 

He was a most friendly and helpful counselor to your men who sought his advice 
in their early struggles for recognition. He often laid aside his most important brief 
to spend an hour in fatherly advice and in coaching a young engineer that he might be 
spared the pit-falls that beset the early years. On a recent appearance before the St. 
Louis Chapter he talked on ‘“‘The Idealism and Ethics of the Engineer.” Although 
he was not often present in our meetings, he was in touch with our progress and his 
information was up-to-the-minute. It is a great satisfaction to contemplate a life of 
such rare value and we must recognize our indebtedness to this life. 

Therefore Be It Resolved: ‘That we extend to his wife and family an expression of 
our sincere sorrow in their bereavement. 
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And Be It Further Resolved: ‘That the resolution be spread upon the minutes and 
a copy be sent to his family. 


W. H. Carrier said that before presenting a formal resolution he wished to say a 
few words regarding a valued friend, the late Walter 8S. Timmis of New York. 


I have known Mr. Timmis for many years, since 1902. Aside from being a 
Past-President he was always very active in the Society. In his contacts with 
the members of the Society he has always shown his great fairness and his friend- 
liness, especially to the younger engineers, a fact that to me is of great interest since 
my contact with him was perhaps a turning point in my engineering career. 

To show something of the advanced thought and foresight of Mr. Timmis I 
may state that as far as I know he was one of the first engineers, if not the first 
engineer, to conceive the possibility of special air treatment for industrial purposes 
now known as air conditioning. It was in 1902 that Mr. Timmis, then a young 
engineer in New York City, brought to J. I. Lyle, my present associate, the 
problem of humidity control and cooling in summer of a lithographing plant lo- 
cated in Brooklyn. He had studied the difficulties encountered in the litho- 
graphing process especially during the humid summer months and in the cold 
and dry winter months. He had worked out, or at least visualized, the possibility 
of some mechanical system which should be devised which would maintain such 
conditions as he knew were required in this industry. It was with this problem 
that he came to Mr. Lyle, as a fan specialist, for its solution. 


Mr. Timmis and Mr. Lyle decided insufficient data were available on the method 
of air treatment required and that the problem should be made the subject of ex- 
perimental research. Mr. Timmis had two problems in mind. One was the use 
of a concentrated solution of calcium chloride for the dehydration of the air, and the 
other was the use of cooling coils to condense the moisture out of the air. This task 
was referred to me as research engineer for the Buffalo Forge Co., and it was through 
this contact with Mr. Timmis and due to his insight into the requirements and 
possibilities of these applications that I became deeply interested in the problems 
of atmospheric moisture. It was from this experimental work conducted at his 
suggestion and with his assistance and encouragement that the foundation was 
laid for what is known today as air conditioning. It is for this reason that I 
feel the Society, as well as myself and associates individually, owe a great debt 
to Mr. Timmis for his foresight and his vision as to the possibilities of this develop- 
ment of our industry, and that his name should be permanently linked historically 
with this development. 

As a friend I have valued him ever since this early meeting. He was a friend 
to a great many members of this Society and I think they all feel very sorely his loss. 


I would like to make as a formal resolution, the following: 


WuereEas, It has been the will of the Almighty to take from our midst our esteemed 
friend and valued associate, Walter S. Timmis and 

WueEreas, From his earliest associations with this Society he has shown his worth 
as an engineer and a loyal friend, be it 

Resolved: That we extend to his wife and family the expression of our sorrow and 
regret in their bereavement, which we feel so deeply. 

Be It Further Resolved: That this motion be spread upon the minutes and that a 
copy be sent to his family. 
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PROGRAM 34TH SEMI-ANNUAL MEETING 
AMERICAN SOCIETY OF HEATING AND VENTILATING ENGINEERS 
WEST BADEN SPRINGS HOTEL 


West Baden Springs, Ind., June 26-29, 1928 
Schedule of Daily Events 


Tuesday, June 26, 1928 


9:00 a.m. Registration 
Committee Meetings 


12:45 p.m. Luncheon for Officers and Authors 


2:00 p.m. Greeting by Pres. A. C. Willard 
Development of Gas Heating for Homes, by W. E. Stark 
a Calculating Cost of Gas Heating, by A. E. Stacey, Jr., and W. 
ornton 
Operating Data on Federal Buildings, by Nelson Thompson 


7:30 p.m. Council Meeting 
8:00 p.m. Informal Reception and Dance 


Wednesday, June 27, 1928 


8:00 a.m. Meeting—Committee on Heating and Ventilation Exposition, H. P. Gant, 
Chairman 


9:30 a.m. Report of Nominating Committee, E. K. Campbell, Chairman 
Warm-Air Heating System for Industrial Buildings, by J. C. Miles 
Relative Consumption of Various Solid Fuels in Residence Heating, by V. S. 


y 
Domestic Oil Burner Design and Performance, by W. C. McTarnahan 
Coefficients of Heat Transfer as Measured under Natural Weather Condi- 
tions, by F. C. Houghten and C. G. F. Zobel 
Heat Transfer through a Roof under Summer Conditions, by F. C. Houghten 
and C. G. F. Zobel 
Heat Transmission Research, by F. B. Rowley, F. M. Morris and A. B. 


Algren 
2:30 p.m. Golf Tournament (Research Cup) 
2:30 p.m. Ladies Bridge and Tea 


8:00 p.m. Meeting of Technical Advisory Committee on Temperature, Humidity and 
Air Motion, W. H. Carrier, Chairman 


8:00 p.m. Moving Picture Film (White Sulphur and New York Meetings) 


Thursday, June 28, 1928 


9:30 a.m. Discussion of Code of Boiler Rating and Selection 
Discussion of Code for Heating and Ventilating Garages 
A Study of Dust Determinators, by F. B. Rowley and John Beal 
Methods of Air Distribution, by L. L. Lewis 
Refrigeration as Applied to Air Conditioning, by R. W. Waterfill 


1:30 p.m. Meeting—Guide Committee on Heat Losses from Buildings, F. B. Rowley, 
Chairman 
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2:30 p.m. Golf Tournament (Men) 
2:30 p.m. Trip to Marengo Cave for Ladies 
7:00 p.m. Semi-Annual Banquet and Dance 
Friday, June 29, 1928 
9:30 a.m. Air Leakage through a Pivoted Metal Window, by F. C. Houghten and 
M. E. O’Connell 
The Weathertightness of Rolled Section Steel Windows, by J. E. Emswiler 
and W. C. Randall 
Effect of Storm Windows and Frame Calking on Infiltration around and 
through Windows, by W. M. Richtmann and C. Braatz 
Heating and Ventilating Problems of Gas Cell Manufacture for Air-Ships, 
by D. E. Humphrey 
COMMITTEE ON ARRANGEMENTS 
C. R. AMMERMAN, Indianapolis, Ind., Chairman 
F. Paul Anderson, Lexington, Ky. J. J. Kissick, Cleveland, Ohio 
RECEPTION COMMITTEE 
J. D. Hoffman, Lafayette, Ind., Chairman 
R. W. Noland, Lafayette S. E. Fenstermaker, Indianapolis 
B. E. La Follette, Indianapolis H. C. Murphy, Louisville 
C. H. Hagedon, Indianapolis C. N. Warren, Indianapolis 
C. C. Shipp, Indianapolis 
REGISTRATION COMMITTEE Laprgs’ COMMITTEE 
R. W. Noland, Chairman C. H. Hagedon, Chairman 
W. C. Bevington ‘5. H. Perham 
V. Hutzel J. M. Rotz 
H. B. Stitt 
HOTEL AND TRANSPORTATION Got¥F ToURNAMENT COMMITTEE 
B. E. La Follette, Chairman S. E. Fenstermaker, Chairman 
T. W. McMahon M. H. Hutzel 
G. Williams R. Cotton 
R. C. Bolsinger 
ENTERTAINMENT COMMITTEE Pusuicity COMMITTEE 
C. N. Warren, Chairman H. C. Murphy, Chairman 
R. N. Downs W. G. Bergner 
J. C. Lewis 
R. F. Prox 
Norman Ascher 


FINANCE COMMITTEE 


C. C. Shipp, Chairman 
G. A. Voorhees 




















No. 805 
DEVELOPMENT OF GAS HEATING FOR HOMES 


By W. E. Srarx,! CLeve.anp, Oxto 
MEMBER 


URING one of the sessions of the 1927 Annual Meeting it was W. H. Carrier 
D who made a statement to the effect that after a certain period progress in 

an art tended to come to a standstill, awaiting the opening of a new avenue 
that would lead the way to a new series of developments. He cited the art of 
illumination, in which the possibilities of lighting with oil and lighting with gas 
seemed in turn to reach their limit; only to be followed by the development and 
refinement of a new illuminating medium, electricity. 

The same tendencies can be seen in the art of heating, particularly in the fuel- 
burning group of the great general class of heating appliances. Solid fuel long ago 
ceased to present any possibilities of further radical improvement in utilization 
methods. Liquid fuel opened up a new avenue of development, the end of which 
has not yet been reached. Now a third avenue of development, gaseous fuel, has 
been entered and it bids fair to lead farther along the road to perfection than either 
of the two roads just mentioned. 

Contrary to the impression that might have been engendered by the two pre- 
ceding paragraphs, heating buildings.with gas is no new thing. Natural gas has 
long been used as a fuel for all heating purposes in those parts of the country 
that are blessed with a plentiful supply. Pennsylvania, West Virginia, Ohio and 
Kentucky have enjoyed natural gas for many years. Indiana now regrets that 
it enjoyed its supply of natural gas in a too care-free manner, exhausting it by 
prodigal waste. In the Southwest new supplies of natural gas have lately been 
developed and it is to be hoped that they will be conserved for future generations. 
With the new fields that are being developed the production of this supposedly 
dwindling resource is actually increasing. Fig. 1 shows the annual production of 
natural gas for the last nine years, taken from Bureau of Mines data and estimated 
for 1927. It also shows the annual domestic and industrial consumptions for the 
same period. The difference between the total production and the total of the 
domestic and industrial consumptions represents the gas used for carbon-black 
production and in the fields. 


Fig. 2 shows how the average consumption per domestic consumer of natural 


1 Engineer, Bryant Heater & Mfg. Co., Cleveland, O. 
Presented at the Semi-Annual Meeting of the American Society of HEATING AND VENTILATING 
Enoingers, West Baden, Ind., June, 1928. 
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gas has varied in the past few years and Fig. 3 shows how the domestic rate has 
varied. Industrial rates have varied in the other direction, showing a decrease. 
Industrial rates are lower for gas as well as for any other product sold in whole- 
sale quantities, on account of the greatly reduced cost of delivery. 


It is impossible to determine very accurately just what proportion of the gas 


HUNDREDS OF BILLIONS OF CUBIC FEET 
> RR Gs & 


» Ga OOan~ @ © 8B 


. 





(mo RIA SRG RT 
YEAR 


Fic. 1. Naturat Gas 1919-1927 


represented by the chart of Fig. 1 was used for heating purposes. Some of it is 
included in the domestic consumption while a portion is included in the industrial 
consumption. It is only when gas companies have special rates for building- 
heating purposes that the amount of gas sold for heating can be determined. Most 
manufactured gas companies that sell gas for heating purposes grant special heat- 
ing rates, while very few natural gas companies follow this practice. It will be 
noted, however, from the domestic consumption chart of Fig. 1, that it is only 
within the last few years that the domestic consumption has begun to increase very 
rapidly. This increase may in part be due to the increasing tendency of natural 
gas companies to encourage the heating load. 

The extremely low rates for natural gas which prevailed in all districts until a 
few years ago were not conducive to the development of refined gas-burning appli- 
ances. The almost universal practice was to use conversions, by which is meant a 
coal-designed appliance such as a boiler or a warm air furnace, with gas burners 
applied to it. For reasons which every engineer at all familiar with the combustion 
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of coal and gas understands, gas cannot be burned efficiently in such an appliance 
and at the same time secure the rated output of the boiler or furnace. However, 
with low gas rates, no abuse that can be inflicted on the fuel will build up a very 
large gas bill. With the extremely low natural gas rates that prevailed a few years 
ago a conversion was an economical arrangement from the standpoint of the 
user; although from the standpoint of the conservation of natural resources it was 
decidedly uneconomical. 

Perhaps it was not increasing rates for natural gas so much as the fear of shortage 
during cold spells of long duration that impelled the development of high-grade 
gas-burning appliances for heating purposes. The modern gas boiler and furnace 
were born in the natural gas belt in the days of cheap gas. Cold weather peaks, 
taxing the capacity of the existing distribution facilities rather than the production 
capacity, causing prolonged periods of low pressure, were an inducement for the 
development of appliances that would operate at full capacity under very low gas- 
supply pressures. Something over twenty years ago boilers and furnaces designed 
for the sole purpose of burning gas began to make their appearance in the natural 
gas belt of the eastern part of the country. 

The use of manufactured gas for building-heating purposes dates only from 1914. 
It did not start primarily from the desire of gas companies to increase their sales 
or from the desire of appliance manufacturers to find a new field for their product. 
Both gas companies and appliance manufacturers felt that manufactured city gas 
was altogether too high priced to be used as a fuel for building-heating purposes. 
However, in 1914 a far-sighted gas company in a rather large eastern city con- 
tracted for a supply of coke-oven gas from a nearby steel mill at an unusually low 
price. They gambled on finding a market for this gas and the thought of using it 
for heating homes came to their minds. Vague reports had been heard of a boiler 
designed solely for gaseous fuel, manufactured out in the natural gas belt. The 
manufacturers of this boiler were with some difficulty persuaded to cooperate with 
the gas company in adapting their product to use with manufactured gas. Such is 
the reluctance of the human mind to accept new things. 

Today that gas company has 1700 heating installations on its lines, heats 1.12 
per cent of all the homes in the city, and sells 5.6 per cent of its annual output for 
building-heating purposes. 

The problem that is uppermost in the minds of the gas companies that are 
contemplating embarking in the heating business seems to be that of load factor. 
Heating is a very seasonal load to be sure. Without going into the very large num- 
ber of items that must be considered in determining whether a given class of 
load is desirable for a gas company to have on its lines, such as fixed charges on the 
producing and distribution system, diversity and demand, it might be interesting 
to point out that every industry that is related to heating works under the same 
seasonal handicap. The seasonal character of the heating load is felt and imposes 
its relatively low load factor on coal miners, mine owners, railroads and coal deal- 
ers. That load factor is merely a scarecrow waiting to be stripped of its rags 
and is demonstrated forcibly by the fact that the last American Gas Association 
rate list shows 208 communities in the United States in which special heating rates 
are granted by the companies supplying manufactured gas. This list shows gas 
rates for a total of 1019 communities. In 20.2 per cent of them gas is sold for heat- 
ing purposes at a rate lower than the usual domestic rate. 











350 Transactions AMERICAN SocreTy oF HEATING AND VENTILATING ENGINEERS 


The effect of domestic heating on a gas company’s domestic load is demonstrated 
by a brief analysis. Assume that a community has 10,000 domestic meters and that 
the average annual gas consumed per meter is 40,000 cu. ft. of 535 B.t.u. gas. 
Among these 10,000 domestic consumers there will be a certain number of what 
might be termed average prospects for residence heating, living in residences having 
a heating demand of about 350 sq. ft. of direct steam radiation. Ina latitude where 
the annual heating season amounts to 6000 degree-days, the 535 B.t.u. gas con- 
sumed to supply 350 sq. ft. of direct steam radiation during the normal heating 
season will amount to about 385,000 cu. ft. In other words, one heating installa- 
tion will have an annual demand equivalent to 9.6 average domestic consumers. 
If 100 domestic consumers, representing 1 per cent of the total, can be persuaded to 
heat their homes with gas, the company’s annual domestic distribution will be 
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increased by 9.6 per cent. Residence heating by 2 per cent of the domestic con- 
sumers will increase the annual domestic consumption 19.2 per cent. Residence 
heating by a little over 10 per cent of the domestic consumers will double the 
annual domestic sales. This analysis demonstrates in a crude way why gas can be 
sold for heating purposes at a lower rate than it can be sold for other domestic uses. 

With manufacturing and distribution costs as they are at present, and with 
rates governed by those factors, gas is by no means a universal fuel fog heating 
when considered from an economic standpoint. Considering first the economic 
phases of heating residences and limiting our attention to manufactured gas, it is 
rather generally assumed that the market for gas as a residence heating fuel is 
limited to those home-owners who have annual incomes of $5000 or more. Notice 
that the term “home-owners” is used. The owner of a tenant house is not inclined 
to equip it with a gas-burning heating plant. The case that might be construed as 
an exception to this statement is that of the speculative builder who puts gas- 
burning equipment in a residence that is primarily built to sell. A number of well- 
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known speculative builders in larger cities, notably in Chicago, St. Louis and 
Washington, have followed this practice extensively. 

A gas-burning heating plant that is installed with any reasonable degree of care 
has operating characteristics that can be determined very accurately. With no 
other heating equipment can laboratory conditions be so nearly duplicated in the 
actual installation. Draft conditions affect combustion to a very slight degree 
on account of the draft-reducing devices that are almost universally introduced into 
the chimney connection. There is no fluctuation in the quality of the fuel and the 
appliance is not at the mercy of an attendant of questionable ability. Therefore, 
the performance of a gas-fired heating system can be very accurately predicted. 
The greatest element of uncertainty encountered in estimating fuel consumption 
is the weather. Extremely accurate estimates can be made for the average season. 
It is probable that for no other fuel is it possible to gather such a wealth of data 
on heating cost as can be gathered relative to gas. All of the fuel used is metered 
and of necessity an accurate record is kept, not for a period of variable length, but 
for regular periods of thirty days’ duration. 

Gas companies interested in heating can either develop their own methods of es- 
timating heating costs, based upon their observations of local installations, or if 
they have no installations they can use the method in the Society Gu1pz or in other 
publications. 


The impression must not be held that gas as a fuel for heating is suitable only for 
residence use. In larger applications it may have a real economic superiority over 
other fuels. The following are some of the elements entering into the operating 
costs of heating plants: 











a. Interest on the investment for apparatus. 
b. Depreciation on the apparatus. 
c. Maintenance of the apparatus. 
d. Rental value of the floor space for the apparatus and for fuel storage. 
e. Attendance, including firing and superintendance. 
TABLE 1. COMPARISON BETWEEN COAL AND GAS FIRED INSTALLATIONS 
Item Gas Coal 
Equivalent direct radiation (sq. ft.) 8500 8500 
Cost of boilers (two units installed) $4550.00 $3830.00 
Interest on the Investment $ 273.00 $ 229.80 
Depreciation reserve (20 years) 123.67 104.10 
Maintenance 50.00 250.00 
Rental value for fuel storage: : 
600 sq. ft. at 40¢ 240.00 
Attendance: 
2 firemen 35 weeks at $42.00 per week 2940.00 
Superintendance 875.00 875.00 
Fuel cost: 
52.5 Ibs. coal per sq. ft. per year at $7.50 per ton 1672.50 


900 cu. ft. of gas per sq. ft. per year at 75 cents per 
M.C.F. 5737.50 


Annual operating cost $7059.17 $6311.40 
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f. Damage to premises and to work done therein due to dirt from heating. 
g. Fuel cost. 


In making the comparison in Table 1 it is assumed that the fuel used has no effect 
on the cost of the heating plant other than that of the boilers themselves and 
also assumed that the boilers take up equal space for either fuel. 

Item f, in the tabulation of elements given, of course cannot be evaluated and 
might or might not be of vital importance. 

Gas-burning heating appliances have developed along certain well-defined lines 
that lend themselves most readily to the characteristics of the fuel. The most 
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satisfactory, cleanest and safest way in which to burn gas is with a blue, or Bunsen, 
flame. Since a Bunsen flame radiates very little heat, due to the blue color pre- 
dominating, the only really effective heating surface is that with which the products 
of combustion make direct contact. In other words, the greater part of the heat- 
ing must be by convection; wherein the streams of hot products of combustion that 
flow upward as convection currents are brought into intimate contact with the 
heating surfaces, to which they impart their heat by direct conduction. When 
heat is transmitted in this manner the transmission is most effective if each particle 
of hot gas passes by the heating surface at a minimum distance from it. This 
requirement is met by sectional construction, wherein the products of combustion 
are passed over the heating surfaces in thin streams, and it is along this line that the 
gas-burning appliance for central heating has been developed. This principle was 
recognized early in the progress of the art and in gas-burning appliances it can be 
carried to its fullest extent. Draft losses are limited to the friction of the moving 
stream of gas against the heating surfaces and since there are no draft losses due to 
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fuel beds, the friction losses within the gas passages can be allowed to run much 
higher than they can in a coal-burning appliance. 

Gas is not inherently an efficient fuel when compared with other fuels. Due to 
its large hydrogen content, which appears both in the free and in the combined 
states, water vapor is one of the products of combustion. When 1 cu. ft. of the 
average manufactured gas is burned a little over 1 cu. ft. of water vapor is formed, 
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and when 1 cu. ft. of natural gas is burned a little over 2 cu. ft. of water vapor are 
formed. The heat content of this water vapor represents about 10 per cent of the 
total heat value of the gas. This heat cannot be reclaimed unless the products of 
combustion are cooled down to their dew point which is usually in the vicinity of 
130 degrees. Since in a steam boiler the temperature of the escaping products of 
combustion must necessarily be above that of the steam delivered, it is impossible 
to cool the escaping flue gases to their dew point. Therefore 10 per cent of the 
heat in the fuel goes out unused in the water vapor. Five per cent is about the 
minimum amount that can be charged against dry stack loss. The maximum 
efficiency of a gas-burning steam boiler, with no allowances for radiation from the 
jacket, is therefore 85 per cent or less. Radiation losses will bring the efficiency 
closer to 80 per cent than to 85 per cent. 

Attempts to condense the water vapor, which is possible in the cases of hot water 
boilers or warm air furnaces, lead to operating and maintenance difficulties on ac- 
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count of the corrosive effect of the liquid of condensation and also on account of the 
crystalline substances deposited by some manufactured gases. This in many 
cases eventually stops up drains and flue passages. We must, therefore, reconcile 
ourselves to this loss, which although it is recoverable in some cases, is recoverable 
only at a cost for added heating surfaces and for added maintenance that may 
outweigh the possible saving. 

Contrary to the situation that exists with respect to coal-burning boilers, there is 
& very general agreement as to how gas boilers shall be tested and rated. Economic 
considerations dictate the goal for which designers shall strive. Boiler efficiency 
must be as high as is compatible with the necessity of having stack temperatures 
high enough to provide adequate draft. Excess air must be as low as is compatible 
with complete combustion and therefore safety. There is no uncertainty about the 
numerical value of these limits. Testing and rating, therefore, become a matter of 
determining how much fuel can be burned completely under a given boiler and how 
much heat is delivered at the boiler outlets when operating at the combustion rate 
that has been fixed as the allowable maximum. The draft condition imposed by 
the American Gas Association for approval tests conducted in its laboratory is very 
simple. It is merely a condition of zero draft. The criterion of the maximum al- 
lowable fuel consumption is the CO content of the flue gases. The maximum 
permissible is 0.04 per cent reduced to an air-free basis. 

A boiler given a rating on the basis of such a laboratory test will neither fail to 
make, nor exceed that rating by more than five per cent when it is finally installed 
and fired at the rate determined upon as permissible. Therefore, in boiler selection 
the only uncertain factors are found in the heating system; in the correctness of the 
radiation and in the starting and piping allowances. The boiler capacity is an 
accurately determined quantity. 

Because the word boiler has been used a great deal in the preceding paragraphs 
of this paper, it must not be inferred that gaseous fuel is suitable for heating through 
the medium of a boiler only. Residence and industrial building heating with 
gaseous fuel and warm air have been developed to a high degree of perfection. 
Lack of cleanliness, the universal objection to warm air as a residence-heating 
medium, is removed when a fuel which produces no dirt is substituted for dirt- 
producing fuels. The same economic and engineering principles govern when gas 
is applied to warm-air heating as govern when gas is applied to heating with steam 
and hot water. The number of high class residences heated with warm-air furnaces 
using gas fuel is significant. Many of these are residences which a few years ago 
would almost invariably have been heated with radiator heat. Extensive buildings, 
in which gravity circulation of warm air would be impossible, are heated with fan 
furnaces. 

Direct-fired warm-air heating of small industrial buildings can be accomplished 
successfully with a large saving in floor space by putting the entire heating appa- 
ratus on the roof, an impossible procedure if solid or liquid fuel were being used. 

Gaseous fuel is susceptible to the utmost refinements in automatic control. 
The responses to the demands for heat or the cessation of heat are instantaneous. 
Consequently, steam and water boilers and warm-air furnaces are almost invariably 
sold with full automatic equipment designed and built-in so as to cause the entire 
assembly to operate as a coordinated whole. Steam boilers are provided with 
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steam pressure control, shut-off valves operated by room thermostats, and safety 
devices to prevent gas from reaching the burners in the event of loss of water from 
the system. Water boilers are provided with water temperature control and gas 
shut-off valves responsive to the demands of room thermostats. Warm-air furnaces 
are provided with air temperature controls, gas shut-off valves controlled by room 
temperature, and fan furnaces can be controlled so as to coordinate fan operation 
and burner operation. In addition all appliances are almost invariably equipped 
with automatic pilots that operate to prevent waste of unburned gas in the event 
of pilot outage. 

Gas-burning heating appliances are not sold over the counter to the same de- 
gree that coal-burning appliances are. The average individual putting up a new 
home, or the average corporation erecting a new building, are not likely to think 
of the possibility of gas as a heating fuel unless it is brought to their attention in 
some specific way, such as by advertising, by the recommendation of a satisfied 
user, or by personal solicitation on the part of a gas company or an appliance 
manufacturer. In some cases, to be sure, the user of fuel is consciously looking for 
an improvement on the fuel that he has been using, and seeks out gas instead of 
having it brought to his attention. The appliance itself is usually sold either by the 
gas company that is going to furnish the fuel or by the contractor who is installing 
the rest of the heating equipment. The gas company may sell either directly to 
the consumer or through a contractor and it may do the connecting itself or turn 
the job over to a contractor. 

In any event the purchaser of the appliance is almost certain of having the gas 
company display a continued interest in its well-being. The gas company is a 
strong and long-lived corporation. This is in pleasing contrast with the situation 
that prevails with respect to some other fuels. 

Gas as a heating fuel has its best days ahead of it. The surface has merely 
been scratched. It has been predicted that some day it will be looked upon as a 
crime to burn coal in the raw state. Distributing and burning coal as is done at 
present entails a three-fold waste. A very large fraction of the coal that is mined 
is used in transporting the remaining fraction. The greater part of the coal that is 
usefully applied is consumed in domestic heating plants where there are two ave- 
nues of waste. The domestic heating plant is extremely inefficient, discharging 
value up the chimney in the form of unconsumed carbon and valuable by-products 
that might be obtained by gasification. The unconsumed carbon, in the form 
of soot, with its accompaniment of sulphur dioxide, unites with water vapor and 
forms sulphuric acid, destructive to steel, limestone and vegetation. The pall 
of smoke hides the sun and intercepts the health-giving ultra-violet rays. 

Dr. Steinmetz predicted that coal would some day be gasified at the mines and 
distributed through pipes instead of on wheels. Gasification results in a fuel or 
fuels (gas and coke) that has a form value superior to that of the coal from whence 
it was derived and in addition leaves many valuable by-products, such as tar, 
pitch and oils. Constant research in the treatment of coal is revealing the possi- 
bilities of various processes of low temperature carbonization and complete gasifica- 
tion. 

The extensive acceptance of gas as a building-heating medium waits on the fol- 
lowing elements: 
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a. Economic pressure due to rising cost of heating fuels that are now cheap in 
first cost but that cannot be efficiently utilized. 

6. Development of cheaper gasification processes and public utility commission 
and municipal approval of the marketing of the gas resulting therefrom. 

c. Development of uses for by-products of gasification. 

d, Increasing demand for unpolluted atmosphere. 


DISCUSSION 


C. G. Seceter (WritTeN): While I was reading Major Stark’s paper, it oc- 
curred to me that many engineers would wonder why the development of gas 
for house heating had followed such radically different lines from the development 
of oil for house heating. The entire picture of gas house heating is associated 
with designed boilers used for gas, while oil burners are almost invariably con- 
version systems. 

There is not time now to discuss the technical reasons why gas conversions have 
not been as widely adopted as the gas-designed boiler, but essentially the engineers 
have found that it is not possible to approach the efficiency of a gas boiler by the 
use of conversion apparatus. In isolated cases, expert engineers could make 
conversions which would be highly efficient, but the rank and file of plumber or 
heating contractor who would make such installations is not equipped to do the 
necessary work which would raise the conversion equipment efficiency to reasonably 
high levels. 

If I may take the time, I would like to point out one or two reasons why con- 
versions tend to be inefficient. First of all, they are usually made with direct 
flue connection to the stack. This makes so high a draft available that every 
possible opening in the coal boiler will allow excess air to enter the equipment. 
The fuel bed resistance to gas flow has been removed when the conversion is made 
and every bit of the available draft will pull air into the system. 

If the draft is broken by the use of a back-draft diverter, and the conversion 
operated at zero draft as in the case of a regular gas-fired boiler, other problems 
present themselves. The usual cross section of coal boiler flues is large in relation to 
the flue surface area. Thus large amounts of heat pass into the stack without 
ever reaching the effective heating surface of the boiler. 

The relation of direct heating surface, that is, surface which would be normally 
in sight of the radiant effect of a coal bed, to indirect heating surface is relatively 
high in a coal boiler’ According to Major Stark’s remarks, the low radiation of a 
gas flame would render much of this direct heating surface of little value. 

Someone may suggest that recent investigations indicate the possibility of a con- 
siderably greater radiation effect from blue flames than has previously been sup- 
posed. I refer to recent material by Haslam and Hottel printed in Vol. 50, No. 8, of 
the Transactions of the A.S.M.E. They indicate that water vapor and carbon 
dioxide may have emission bands of sufficient energy content at the infra red end 
of the spectrum to cause quite some radiation from the non-luminous gas flames 
over 1500 deg. The percentage of radiant heat depends on the thickness of the 
gas flame which is radiating, and in the conversion system it would be my personal 
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estimate that not more than 10 per cent of the heat of the gas flame was directly 
radiated. 

Summarizing the remarks on conversion systems, it may be said that the de- 
velopment of gas house heating has not followed the same lines as the oil burner 
because the price differential in B.t.u. made it imperative to get as high an efficiency 
as possible, 75 per cent or better being required by the A.G.A. Laboratory for 
steam and hot water boilers. 

Another point which Major Stark has not mentioned, but which may be of 
interest, is the problem of selecting the proper size gas boiler. It has become 
accepted practice in the gas industry to use boilers 25 per cent greater in capacity 
than the total condensing load. This excess is adequate to meet the needs for quick 
pickup under thermostatic control. 


The mention of pickup reminds me of a story about a young married man who 
was driving his new car, and on meeting a chum was abe, “How is the pickup of 
your new car?” 


“T can’t say,” was the reply, “because every time that I have been out in it, 
my wife has been with me.” 


The gas industry is fortunate in having nation-wide support for the testing pro- 
gram urging the purchase of only such gas equipment as bears the approval seal of 
the A.G.A. Laboratory. The testing program has been devised to coordinate the 
interests of the consumer, the manufacturer of appliances, the gas industry, as 
well as the plumbing and heating trades, the Bureau of Standards, the United States 
Public Health Service and others, to insure safety, durability and economy of all 
gas appliances. Practically all of the gas companies have pledged themselves to 
support the program, and it is certain to play a major part in the future of satisfac- 
tory gas house heating. 


Perry West: I would like to ask if, on p. 351, the analysis of the relative 
cost of heating with gas and coal is made on a 24-hour basis, and if not, for what 
number of hours it is made. I would also like to observe in connection with the 
question of chimney draft, where ‘it is stated on p. 354 that the American Gas 
Association requirements are for zero draft in the furnace, that this, no doubt 
refers to conditions when the furnace is running under heated condition. For start- 
ing up, more draft is required than is sometimes produced under the conditions 
when the furnace is not running. 


In other words, the question of starting the furnace from a cold condition enters 
into the question of the chimney required. 


Pror. J. D. Horrman: I would like to ask Mr. Stark if there is any difficulty 
presented in the fact that moisture is resulting from the combustion. If there isa 
difficulty, has that difficulty been overcome in the apparatus in which the com- 
bustion takes place? 


E. B. LANGENBERG: We have had the same trouble with condensation in old 
type flues, unlined, where the make and break of a thermostat requires a certain 
interval with the result that the chimney cools down below a certain temperature. 
This condensation spreads through the bricks as far as 6 ft. on the side of the 
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flue, loosening plaster, decorations, etc. I am also looking for information on 
that point. 


H. B. Gompers: I would like to ask the gentlemen whether he can give us the 
rate at which the gas was furnished. In my city therateis $1.10. On page 351 he 
mentioned $7.50 per ton for coal. I have just put in 20 tons at $14 a ton. 


One of the gentlemen who just finished speaking refers to the plumber. I 
don’t think that plumbers install heating apparatus. This is a heating and ven- 
tilating engineers’ society, and I think the more you gentlemen get away from that 
expression, the better for our industry. His answer will immediately be, “We know 
of hundreds or thousands of plumbers who install apparatus.” 


Well, I will have to go back to the old riddle, when is a plumber not a plumber? 
When he installs or does business in some other line than plumbing. 


R. V. Frost: In the next to the last paragraph on p. 355 Mr. Stark speaks of 
Dr. Steinmetz’ prediction that coal would some day be gasified at the mines and 
distributed through pipes instead of on wheels. 


In connection with this, this question is being very seriously considered by the 
anthracite operators and they are finding that they can successfully gasify low 
grades of anthracite fuel, and that money could really be saved by transmission of 
gas from the mines to large areas like New York and Philadelphia. 


A. A. Buomretpt: On p. 356, the closing lines regarding the extensive 
acceptance of gas as a building-heating medium depends upon certain elements 
mentioned. I wanted to add a few more points, and three classifications following 
d will be, e, the elimination of labor maintenance cost of operation; f, the demand for 
efficient automatic control; g, promotion of lower gas heating rates. 

e. Elimination of Labor Maintenance Cost of Operation: Costly service rendered 
by janitors and firemen, restrictions placed by union regulation of labor, stoppage 
of heat caused by strikes and walkouts, sympathetic labor difficulties, in other 
words the operation of the heating plant is dependent upon the availability and 
disposition of the operators of the heating system. In the large cities we have had 
costly examples of great suffering by the tenants and owners of apartment buildings 
and public buildings in addition to the destruction of property, indirectly caused 
by labor disputes, sometimes of a sympathetic origin. 

This is true principally wherein the operation of coal-fired heating plants is in- 
volved, requiring union labor for maintenance, whereas gas-fired heating equipment 
requires no maintenance and is automatically controlled. 


f. Demand for Efficient Automatic Control: (100 per cent Availability.) Bodily 
comfort in heated buildings is today judged by the even and proper maintenance 
of room air temperature conditions. In coal-fired heating plants it is difficult and 
a costly investment is necessary in order to maintain automatic temperature regu- 
lation of an even and accurate degree. 


With gas-fired heating appliances a simple and dependable electric thermostat 
instantly starts, stops or slows the flow of heat in a most efficient manner. Main- 
tenance, operating and depreciation costs are lowered in the automatic controlled 
gas-fired heating systems as compared to the wasteful method of regulation of 
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coal-fired heating plants wherein the fuel supply and consumption is not cut off 
in a manner comparable with the regulation of gas-fired heating systems. 

g. Promotion of Lower Gas Heating Rates: Public opinion has been instru- 
mental in forcing the public utilities to discuss gas service cost. However, the 
engineering and architectural fraternity can have a greater influence in promoting 
special low rates for gas heating purposes in districts now supplied by manufactured 
gas. The reaction of the gas companies in promoting the sale of effective gas 
heating appliances is an evidence of a spirit of cooperation for the increased sale and 
use of gas for heating, which eventually will call for further cooperation on the 
part of the engineer and architect to specify this modern and efficient fuel. 

I think these points would be very important in bringing out the advisability 
of the gas-heating in the proper house-heating. 


Mr. Starx: Mr. West asked if the analysis giving the comparative cost of 
heating an assumed building with gas and coal was on a 24-hour basis. I can’t 
say that that is on a 24-hour basis, a 12- and 12-hour basis, or a 10- and 14-hour basis. 
But it does agree with good, well-founded estimates of the cost of heating. The 
figure on the cost of heating with gas or the gas consumption is based on the deter- 
minations secured by the Consolidated Gas Co., New York, on buildings of a com- 
mercial nature where the heating is generally of a periodic character. 

I don’t think it is safe to attempt to differentiate between 24-hour heating and 
heating on any other basis in estimating heating costs because there are so many 
other variables that enter into the making of the estimate, variables that can only 
be guessed at, so that it really becomes ridiculous to try to differentiate between 
a constant temperature the day round, and a high temperature in the day time and 
a lower temperature at night. It is rather a controversial subject, and I don’t 
think anybody really knows the answer to it yet, at least so far as gas is concerned. 

Mr. West also asked about the chimney draft on starting up a gas-burning appli- 
ance, referring to the test condition of zero draft imposed by the American Gas 
Association laboratory. The requirement necessarily means that an appliance must 
vent successfully due only to its own chimney effect. Of course, that chimney 
effect does not instantaneously come up to the maximum figure, but in a gas-burning 
appliance it attains its maximum figure within a very short time after the fire is 
lighted, because the conventional gas-burning appliance gets up to its full rating 
within a very few minutes. 

A gas-burning steam boiler is sometimes referred to as a flash boiler. It isn’t 
quite that, but a good gas-burning boiler will be making steam and will, therefore, 
have a chimney temperature sufficient to vent very well within, say, 8 minutes, 
from a cold boiler. 

Mr. Segeler presented some things that I welcomed with open arms, figuratively 
speaking, because he said some things that I wouldn’t dare say without being 
accused of trying to sell something. 

I want to emphasize again the point in my paper that Mr. Segeler emphasized 
when he brought out the fact that it is justifiable to try to use a higher degree of 
accuracy in estimating what we call the starting and piping loads on gas-burning 
appliances, because we start with an absolutely known and almost invariable quan- 
tity, that is, the rating of the appliance. 
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Professor Hoffman and Mr. Langenberg—I think I can treat their questions 
together—spoke of the difficulty due to moisture in the products of combustion. 
That is a thing that I have touched on briefly in the paper where I try to bring out 
the fact that we might design our appliances to operate considerably more efficiently 
than they do now, but that it would be at the expense of considerable difficulty 
in operation. The thing those two men mentioned is the difficulty in operation 
which we would encounter if we tried to increase the efficiency of our appliances by 
condensing the flue gases. Even then, sacrificing the 10 per cent we might gain, 
we have the condition Mr. Langenberg brought out. There is generally a cure 
for such things. Naturally the best cure for condensation seeping through the 
chimney is an improved chimney construction. 

When a gas-burning appliance is used with an extremely old and porous chimney 
in which the mortar has deteriorated, perhaps an unlined chimney, condensation 
may seep through. The surest preventive of condensation trouble with gas- 
burning appliances is a good chimney draft, because the good chimney draft pulls 
more air in through the so-called draft diverter that Mr. Segeler mentioned, and 
mixes it with the flue gases escaping up the chimney. The more air that gets into 
the flue gas, the lower the condensation temperature becomes, strange as it might 
seem. : 

The surest relief for chimney condensation is a good chimney draft to start with, 
and a plentiful supply of air to get into the chimney to dilute the products of com- 
bustion and keep them moving faster up the chimney, wiping the sides cleaner, 
and also lowering the dew point temperature of the flue gases. 

One gentleman, in asking about the analysis on p. 351, inquired what gas 
rate was stated. Seventy-five cents a thousand feet was the rate used. He said 
in his city the gas rate is $1.10. Not a great deal of heating is done on $1.10 gas. 
He also said that he just put in some coal that I believe cost $14. a ton. He might 
seriously consider using gas. It would not cost a great deal more. 

Mr. Frost referred to Dr. Steinmetz’ prediction as quoted on page 355, and there 
is nothing there to which I can reply. 

Mr. Blomfeldt added some elements to the enumeration of the elements con- 
trolling the more extensive use of gas as a heating medium, which I have given on 
page 356. They are all good and a worthy addition to this. 


Mr. Gompers: I had an investigation made and found that it would cost me 
about $640.00 to have a gas heating boiler installed; and it would cost about 
$840.00 a year for the gas consumed in the boiler to take care of 800 ft. of radiation 
needed to heat my house of 15 rooms which includes 2 bath rooms. That is why I 
don’t propose to attempt to heat my house with gas at this time. 


H. M. Hart: There was an interesting question brought up, that is, the per- 
centage to be added for the starting load, and I want to ask how you arrive at the 
20 per cent for starting the load. Also justifying the figures on coal and gas, $0.75 is 
the heating rate for gas in Chicago, 550 B.t.u. gas, and $7.50 is about the average 
rate for Pocahontas mine run coal, which is probably used more than any other 
kind of coal in Chicago for that purpose. 


W. E. Starx: Mr. Hart asked the source of the 25 per cent allowance that was 
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really brought out in Mr. Segeler’s discussion. I presume the figure was deter- 
mined on the basis of experience. People found out when they allowed enough for 
starting on a job of a certain character that 25 per cent for starting was large 
enough. Of course, starting and piping load is a load that is extremely difficult to 
evaluate, and it is simply determined by experience so far as I can see. 


H. B. Jouns: The American Gas Association Committee on Approval Re- 
quirements for central house heating appliances in its 1928 report recommends the 
use of selection factors similar to those used in Chicago. These factors begin with 
an addition of 56 per cent to the equivalent steam radiation and drop to 40 per cent 
at 4000 sq. ft. and over. I believe these can be taken as the American Gas Asso- 
ciation’s recommendation in the matter. 
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No. 801 
METHOD OF CALCULATING COST OF GAS HEATING 


By A. E. Sracey! (Member) anp W. B. Toornton (Non-Member) 


Newakk, N. J. 


UE to the increasing use of gas as a fuel for heating, the thermal engineer 
ID is interested at the present time in methods for determining the efficiency 
of gas burning equipment and also a practical and easy method to approxi- 

mate the yearly consumption of gas for any installation. 

In order to determine the efficiency of a gas burning apparatus, it is customary 
to make an analysis of the flue gases by the use of an Orsat machine. From this 
analysis a fairly exact determination of heat lossescan be made. (See Appendix 1.) 
The following approximate method for obtaining this information is offered. 

From a study of the chemical analysis of different gases, it was found that the 
amount of moisture in gases resulting from combustion varied with the percentage 
of excess air introduced into the combustion chamber. This relationship presents 
an easy method to determine the amount of heat loss in flue gases. 

Fig. 1 gives curves for the different types of gases, showing the relationship be- 
tween the percentage of excess air and the dew-point temperature of the flue gases. 
For example, Curve A is for coke oven gas or retort coal gas. With 100 per cent 
excess air, the dew point of the flue gases would be 110'/,deg.fahr. This is correct 
within 3 or 4 per cent. Figs. 2 and 3 give the relationship between the flue gas, 
dry-bulb temperature and the amount of heat lost in the effluent gases with different 
percentages of excess air. For example, if there is 30 per cent excess air and a 
dry-bulb temperature of 350 deg. fahr. in the flue gases, there would be a loss of 
17 per cent. It is interesting to note the effect of excess air on the efficiency of 
the equipment. For example, if instead of 30 per cent excess air, there was only 
15 per cent with the same temperature of flue gases, the loss up the stack would 
be 16.3 per cent or a decrease of 0.7 per cent. If, however, the excess air increased 
to 60 per cent, the losses would be 18.5 per cent. The effect of the flue temperature 
on the losses is also of great importance. By referring again to Fig. 2, it is shown 
that by an increase of 50 deg. fahr. in the flue temperature, there is 1.2 per cent 
increase in loss up the stack and by lowering the flue temperature 50 deg. fahr., 
there is an increase in efficiency of 1.2 per cent. 

By the use of the two curves, the stack loss is easily determined. While the 
flue loss, no doubt, is in most cases of the greatest importance, there is loss by 


1 Research Engineer, Carrier Engineering Corp., Newark, N. J. 
Presented at the Semi-Annual Meeting of the American Society oF HEATING AND VENTILATING 
Encrnegrs, West Baden, Ind., June, 1928. 
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radiation in connection with every gas burning appliance. In different types of 
appliances, this varies from 3 per cent to 10 per cent. In obtaining the overall 
efficiencies, the radiation loss must be added to the flue losses. In a great many 
cases, the heat given off by the appliance through radiation is not lost, as it assists 





Fic. 1. RELATION BETWEEN Dew Point or FLuE GASES AND PER CENT 
Excess Arm (Ar For COMBUSTION CONSIDERED PERFECTLY Dry) 


in heating up the basement or the room where the appliance is located. Efficiencies 
of different types of gas burning equipment, as found in practice, are shown in 
Table 1. 


TaBLe 1. Usuat Erricrgncy Rancgs* ror Gas BuRNING HEATING APPLIANCES 


Heat Transfer Gross 
Type of Appliance Efficiency Efficiency 
Low pressure steam boilers 80% to 85 70% to 82 
High pressure steam boilers 78% to 83 68% to 80 
Hot water boilers 80% to 85 70% to 82 
Natural draft furnaces 75% to 85 65% to 80 
Forced draft furnaces 80% to 91% 72% to 89% 


* Table applies to appliances specially designed for burning gas. It cannot be used for average 
version jobs. 


results in con re) Heat Input — Flue Loss 
; ~ ross Heat Input — Flue 
Heat Transfer Efficiency Gross Heat Input 





G flick ~ Cross Heat Input — (Flue Loss + Boiler Radiation Loss) 
E Gross Heat Input 
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The degree-day as used by the American Gas Association offers a very con- 
venient method for calculating the total yearly consumption of gas for any installa- 
tion. This is based on the number of degrees below 65 deg. fahr. in any heating 


season. 


In the American Gas Association’s bulletin on House Heating, there is published 
on pages 11, 12 and 14, the degree-days for a large number of cities. This informa- 
tion is also available in the A.S.H.&V.E. Guipz, 1928. 


The tabulation given shows a list of cities with the corresponding degree-~days. 





Fic. 2. RELATION oF Loss oF HEAT IN FLUE GASES To FLUE-Gas TEMPERATURES 


These were selected to show the heating requirements of different sections of the 


country. 
City 

New York, N. Y. 
Boston, Mass. 
Buffalo, N. Y. 
Cleveland, Ohio 
Cincinnati, Ohio 
Philadelphia, Pa. 
Charlotte, N. C. 
Atlanta, Ga. 
Jacksonville, Fla. 
New Orleans, La 
St. Louis, Mo. 


Indianapolis, Ind. 
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Degree-Days 


5303 
6055 
6750 
6096 
5302 
4950 
3153 














City Degree-Days 


Detroit, Mich. 6202 
Chicago, Ill. 6007 
Minneapolis, Minn. 7953 
Kansas City, Mo. 5302 
Tulsa, Okla. 3497 
Dallas, Tex. 2455 
San Antonio, Tex 1362 
Denver, Colo. 5880 
Salt Lake City, Utah 5358 
Los ‘5 i517 
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By referring to Fig. 4, which gives the relationship between the degree-days 
and the gas consumption in thousands of cubic feet per year for different types 
of gases, it is possible to estimate easily the yearly consumption of gas for 
different installations. This relationship is similar to that shown in the 
AS.H.&V.E. Guipr, 1928, on pages 238 and 239, with the exception that that 
chart is based on one efficiency only for the gas burning equipment. With the 
chart now presented, based on 100 per cent efficiency, the result must be divided 
by the efficiency of the apparatus which is being used. 


The ranges of efficiencies for different types of equipment are given in Table 1 





FLUE GAS TEMP, DGB, F,. 
Fic.3. RELATION oF Loss oF HEAT IN FLUE GASES TO FLUE-GAS TEMPERATURES 


and by the use of the dew-point method of determining excess air and stack losses, 
the efficiency of the apparatus in question is easily determined as shown. This 
chart gives the yearly consumption in thousands of cubic feet of gas based on 
B.t.u. estimates, using the standard A.S.H.&V.E. method of determining heat 
losses from buildings. In case these losses have been determined directly in 
square feet of steam radiation or square feet of hot-water radiation, the simple 
formula given can be used to determine the yearly gas consumption. 

For example, New York has 5300 degree-days and the gas that is burned in 
New York has a heating quality of 530 B.t.u. per cu. ft. The value of Q would 
then be 34.5. By referring to formula (a) for steam radiation, G = wees _ and 
solving with the value of R equal to 1 sq. ft. of radiation, the consumption of gas 
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per sq. ft. of steam radiation if E = 85 per cent is 0.974. If a hot-water 
system is being considered, equation (B) would be used and (Q) would be obtained 
in the same manner. In case the installation under question is a warm-air system, 
the equation (C) would be used. 


Conclusions 
First: A simple method has been presented for the approximate determination 
of excess air in flue gases. 


Second: Charts have been provided which demonstrate the variation in ef- 
ficiencies as influenced by flue-gas temperatures and excess air in the flue gases. 





Fic. 4. RELATION OF HEAT REQUIREMENTS AND YEARLY GAS CONSUMPTION 


Third: Charts are included which show the relationship between the degree- 
days and the yearly gas consumption for different types of systems. 

Fourth: A method is offered for the determination of yearly gas consumption 
based on the excess air content of flue gases and on the efficiency charts. 


APPENDIX 


A sample calculation of flue losses for coke oven gas. 


Assume a flue temperature of 300 deg. fahr. and excess air quantity of 50 per cent. 
The gas as outlined has a gross heat value of 588 B.t.u. per cu. ft. 





ee wey we @ 
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Products of Combustion in 
Cubic — 0% Excess 








Cy Be 
% by 
Vol. s+. CO: H:0 Na 

CO = 6.3 %x0.5x4.77 = 0.151 0.063 
co; = 1.8 0.018 
H = 53.0 %x0.5%4.77 = 1.265 0.53 
N; = 3.4 %x 0.034 
O; = 0.20%x1.0x4.77 = (—0.0095) 
CH, = 31.6 %x2.0x4.77 = 3.020 0.316 0.632 
GH, = 2.7 x 3.0x4.77 = 0.387 0.054 0.054 
CoHe = 1.0 %x7.5x4.77 = 0.358 0.060 0.030 

5.181 0.511 1.246 
The chemical reactions of —0.009 From air 5.172 x 79% = 4. 4.08 
constituents with oxygen 
due to combustion are as 5.172 cu. ft. air 4.114 
follows: 
2CO + O, = 2CO, Total volume of co, 0.511 
2H; + O; = 2H,0 flue gases formed H,O 1.246 
CH, + 20, = CO, + 2H,0 when 1 cu. ft. of N: 4.114 
C.H, + 30; = 2CO, + 2H;0 gas is burned —_—— 
2C,Hs + 150, = 12CO, + 6H;0 5.871 

/ a 0.511 

Ultimate “a = 57577 4.114 ~ 11-95% 


Total volume of flue gas formed per cu. ft. of combustible and at 50% excess air = 

5.871 + (5.172 x 50%) = 5.871 + 2.586 = 8.457 cu. ft. 

To calculate the percentage by volume and by weight of the wet flue-gas con- 
stituents. 








Cu. % by Mol. by 

Ft. Vol. Wt. t. 
CoO, = 0.511 = 6.08% x 44= 2.66= 9.60% 
O; = £98 = Fi 0.582 = 6.28% x 32= 2.01 = 7.24% 
N: 79.1% x 2.586) + 4.114 = 6.168 = 73.00% x 28 = 20.45 = 73.70% 
H,O 1.246 = 14. 6% x18= 2.65= 9.46% 

8.457 100.00 27.77 100.00 


Molecular weight of flue gas = 27.77 

Molecular weight of air = 28.85 

Weight per cu. ft. of dry air at 60 deg. fahr. D. B. = 0.0764 
0.0764 x 8.457 x 27.77 _ 0.622 Ib 


28.85 


To determine the amount of heat existing in flue-gas constituents above 60 deg. fahr. 
CO, = 9.6% x0.622 = 0.0597 Ib. x BS deg. — 60 deg.) 0.210 = 3.01 B.t.u. 





Total weight of flue gases = 


O. = 7.24% x 0.622 = 0.0450 lb. x (300 deg. — 9 as 0.217 = 2.35 B.t.u. 
N, = 73.7% x0.622 = 0.4590 lb. x (300 deg. — 60 deg.) 0.247 = 27.20 B.t.u. 
H,O = 9.46% x 0.622 = 0.0589 Ib. x (300 deg. — 60 deg.) 0.423 = 5.97 B.t.u. 


0.6220 Ib. Total sensible heat = 38.53 B.t.u. 


To the sensible heat must be added the latent heat of evaporation of the water 
existing in the flue gases. To do this, determine the dew point of the flue gas as follows: 
% by weight of water in flue gases = 9.46 
Total weight of flue gases = 0.622 Ib. 


Then the number of grains per Ib. of flue gas = 0. x pea se 672 grs. per Ib. 
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672 grains per lb. correspond to a dew point of 124.2 deg. fahr. 

The average temperature of evaporation will be the mean average temperature he- 
tween 60 deg. fahr. and 124'/, deg. fahr. or 92'/, deg. fahr. 

Heat of evaporation at 92.25 deg. fahr. = 1040 B.t.u./Ib. 

0.0589 Ib. H,O x 1040 = 61.3 B.t.u. = Latent heat loss 

Sensible heat loss = 38.53 B.t.u. 

Latent heat loss = 61.30 B.t.t. 


Total heat loss = 99.83 B.t.u. 


Per cent of gross heat loss in flue gases = 8.8 x 


588 
The volume of the dry gases for the preceding analysis is as follows: 


% CO; = 11.05% _ 7.37% 


_" (7.37) 
% Or = 20.9 — 20.9 HE = 6.94% 


% Nz = 100 — (7.37 + 6.94) = 85.69% 


Flue gas analysis by Orsat machine would be: 


CO, = £7.37 

lo Os = Pe 
.69 

% Ns = 390-00 


In these calculations, the air required for combustion was assumed to be perfectly 

. ‘This is not usually the case and for exact computations the water vapor origi- 

nally existing in the air should be considered and credited to the stack loss under the 
item of sensible heat loss in H,0. 


= 16.95% 





DISCUSSION 


W. H. Carrier: One point in connection with this paper which I wish to make 
is that where there is much variation between wet- and dry-bulb temperatures 
it is necessary to observe the dry-bulb temperature as well as the wet-bulb tempera- 
ture ir. order to determine the dew point. If the air is substantially saturated, 
as in some types of gas-fired air heating furnaces, there is no material difference 
between the wet-bulb temperature and the dew point. However, in the case of a 
steam boiler where the gas temperatures must necessarily be above the steam tem- 
perature, there is necessarily quite a difference between the dry-bulb temperature 
and the wet-bulb temperature so that the dew point must be determined by observ- 
ing both temperatures. 

It is true, as pointed out in the paper, that the dew point bears a definite re- 
lation to the per cent of excess air with little variation for different kinds of gas 
burned. However, if the per cent of excess air is determined by means of the dew 
point, the amount of heat lost per cubic foot or per Ib. of flue gas is determined 
solely by the wet-bulb temperature as this temperature is a direct measure of the 
heat content of the gas. 

The other point I wish to make applies perhaps more specifically to the preceding 
discussion. There is an additional loss up the stack due to the fact that you have 
a draught breaker which draws in a portion of air direct from the furnace room in 
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the basement. This is a stack loss that does not enter into the efficiency of the 
furnace itself but rather into the efficiency of the entire heating system. 


Radiation from the furnace may, as pointed out in this paper, be available in 
heating the house if it is not in excess; that is if it merely keeps the space where 
the boiler is located up to normal temperature, it is of no distinct advantage. 
However, it becomes a loss if the radiation is in excess of this amount. 


Certain inefficiencies due to stack losses must be provided for, for that reason 
it is desirable to introduce excess heat and excess air to avoid condensation in the 
chimney and connecting flues. A better way perhaps would be to build chimney 
flues for gas burning of considerably smaller size than standard for coal and to build 
such chimney flues with glazed tile with bell joints facing upward and sealed with 
some type of plastic cement. Condensation would then be of no detriment to 
the rest of the chimney structure and considerably greater economy could be 
realized in gas burning. 

Harry Harr: I would like to ask if there is a disintegrating effect on mortar 
used in the joints of tile from the gases from a gas-fired boiler. I ask this question 
because some years ago we used to have natural gas in Chicago of approximately 
1000 B.t.u. at fifty cents a thousand, and a great many applications were made 
to coal-fired boilers with gas burners. 


Then when this natural gas gave out and the price for artificial gas got high they 
had to go back to coal. Invariably they found that the chimneys were in very bad 
condition, had to be practically reconstructed; the mortar had all been eaten out 
of the joints. 


I would like to know if there is any information on that point available. 


W. E. Starx: I might try to answer Mr. Hart’s question. If there is any 
disintegrating effect of the moisture in the flue gas on the mortar, I believe it de- 
pends on the constituents of the gas more than anything else. That disinte- 
grating effect is probably getting less as the years go by, and as the art of making 
gas becomes farther advanced. 


In some localities there is quite a little bit of sulphur in the gas; that is, manu- 
factured gas. In other places they desulphurize the gas more effectively, and there 
is not so much dilute sulphuric gas formed in the moist products of combustion. 
So I think if there is any disintegrating effect on the mortar from combustion, it is 
getting less and less as the years go on. 


Pror. J. D. Horrman: Confirming the statement made by Mr. Hart, Chicago 
had for a long time been supplied with natural gas from the same line that passed 
through Lafayette. We had the same experience in our city. When we had to 
leave gas and go back to coal, practically all the old chimneys were out of order and 
had to be relined or reconstructed. I rather think the trouble was the sulphur 
content of the gas. 


Mr. Hart: One more point that I think we ought to begin to talk about: The 
tendency is for lower B.t.u. gas, but there seems to be a resistance to this trend by 
the public utilities commission, so I think that we ought to have more light on the 
subject. Now, do we know at what point in B.t.u. value gas for fuel is the cheap- 
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est to manufacture for distribution for fuel heating? If we do know, I think we 
ought to go on record so that that information can be broadcast, and help influence 
these people to accept lower B.t.u. gas. 


C. G. Szezter: I think Mr. Hart has brought up a subject upon which there 
is no more controversial point. I doubt whether such a thing as the most eco- 
nomical B.t.u. value could be determined. The gas suitable for any community 
depends on many factors. The best place to think that over is in Illinois, in your 
territory, because there you have local Illinois coals from which a low B.t.u. gas 
could be made, but the present regulations call for coals from more distant sources. 
Gas-making is a complicated chemical process and I think the B.t.u. regulation 
is a subject which for the time being should not be touched upon. I do not believe 
any one knows the answer, and I think that from the utilization point of view the 
gas companies are themselves seeking the best answer right along. 


The fuel user, the consumer, is not greatly affected by the variation in B.t.u. 
value because for his given community the appliances are set to operate satis- 
factorily. 


I think perhaps Mr. Conner of the Gas Testing Laboratory may be here, or 
coming, and will tell you of the tests run from gas of 400 B.t.u. to high gravity, 
1100 B.t.u. natural gas, and the appliances have to operate perfectly satisfactorily 
over the entire range. 


That is a controversial subject which I would suggest this organization not at- 
tempt to go into at this time. 


C. G. Brinper: On p. 365 there is a table giving the degree-days. May I ask 
if that is an average for a number of years or for one year? 


L. L. Lewis: I cannot tell you. 


W. B. Crawrorp: I cannot answer some of these highly technical questions, 
but I have made a practical experiment of heating with gas in Chicago, in a six- 
room flat, having approximately 500 sq. ft. of direct radiation. 


The Gas Co. told me when I investigated the buying of a Gas Boiler, that it 
would cost me roughly about 50 cents per sq. ft. of radiation per season. In this 
experiment I took a round Arco 25-in. boiler with certain copper coil, burners, etc. 
I employed a No. 21 semi-Bunsen Barber burner. Originally I put in two of these 
burners and set them at about 45 deg. fahr. in relation to the fire-box of the 
boiler. 


Still later I had a better idea and I had a copper coil built connected through the 
water back opening to the front circuit and through the bottom water back opening 
to a tapped opening in the water leg of the boiler. I now installed one of the 
No. 21 burners and located this burner above the grate but approximately 12 in. 
below the copper coil. I took the ash door off entirely, closed the check draft en- 
tirely with exception of the usual leakage around the check draft which is suffi- 
cient to carry off the fumes. When the burner was on full blast there was a very 
low temperature on the smoke uptake. Later I installed wrought iron plates 
approximately 5 in. x 8 in. x '/, in. thick and placed same over the small flue 
passages in the boiler and made large plates with adjusting screws to be placed 
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over the large flue opening of the boiler and thereby reduced the flue area to approxi- 
mately 20 per cent the original area. The boiler was well insulated on the outside. 

The cost of gas for the last heating season averaged $1.00 per day or roughly 
50 cents per sq. ft., which I understand would have been the approximate cost using 
a gas boiler. I operate the gas valve from a thermostat located in the living room 
and the temperature throughout the flat was approximately 70 deg. fahr. The 
average cost was taken through a period covering only the cold months. If I 
had started the plant and operated over a little longer period, the average cost would 
have been less. 


The gas bills are as follows: 

2nd Apt. Ist Apt. 
September 30 to November 1................... $10.57 $13.42 
November 1 to December 1.................... 30.82 22.57 
December 1 to January 3...................... 55.87 39.67 
January 3 to Jamuary Si... cc ce occ dccccees 46.57 33.67 
IE Gs BE Bs oo 5 5. 0h. 0s Soe Hs 49.27 35.47 
March 2 to March 30................c ccc ceeee 33.07 19.12 
Deere GS 00 Blt Be). io. i os UT. 24.97 23.62 
SEES OTE EOE ety et Pe ae .79 


Now, with all this discussion, I am curious to know what I would have saved had 
I put in a gas boiler specifically designed for the purpose. 


F. D. Menstne: There are one or two remarks that have not been explicitly 
answered. Mr. Hart asked about the effect of the flue gases from gas on chimney 
construction. A piece of galvanized pipe will recoat in about one month. There- 
fore, I suspect sulphuric acid. Sulphuric acid is bad on any mortar about which 
I know. 


To Mr. Binder’s question as to the period, I think that is based on an eleven-year 
period from compilations that we have made in the office. 


P. E. Fanstzr: I do not know what these figures are based on, but I guess on 
all the records of the government which run from 50 to 100 years; they vary in 
different citiés, and the average that the government uses is for the period of time 
that the Bureau station has been in existence. 


A. A. Buomretpt: Supplementing Mr. Carrier’s remarks on the flue gas losses, 
I have in mind a factory building where we installed fifty-four gas-fired unit heaters; 
the building space was approximately four million cubic feet and the losses through 
the stacks or the vents were calculated ten thousand cubic feet of air per minute. 
Whereas this would seem a serious heat loss, in fact it turned out to be an asset to 
the ventilating in getting air changes of about six times an hour in the plant which 
was rather an interesting development because it is an auxiliary gravity ventilating 
system in fact. 


Mr. Szecetzr: I would like to ask a question of the gentleman who spoke of the 
converted system. That interested me particularly. He had a single unit ther- 
mostat, I understood, in a flat house. 
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Mr. CrawrorpD: In the dining room. 


Mr. Szeceter: How did you know that you did not have it in a room so regu- 

lated with the rest of the house, that while you had 70, everybody else had 68? 
Even a degree of difference in temperature which still might not affect the comfort 
_ of the household might make quite a difference in the total fuel bill. 
' [ believe that the gas-designed boiler would have been calculated and the original 
estimates made in accordance with 70 deg. fahr. throughout, or whatever speci- 
fied temperature it was throughout the entire building. I do not believe that 
you have taken care of—although you may have—the question of where the 
thermostat was located. 


Mr. Crawrorp: I selected the dining room with a north exposure for locating 
the thermostat and possibly the front of the flat or the rear of the flat might be a 
degree or so cooler. . 

The Gas Co. in Chicago was so interested in this little experiment that they 
sent an engineer out to make a sketch of the scheme and asked me to save my gas 
bills for the past heating season and I understand they are coming out a little later 
to check up last year’s performance. I think that the copper coil added greatly to 
the efficiency of the entire apparatus and I do not think the temperature varied 
more than a couple degrees from one end of the flat to the other. 

There are a number of gas heating plants in Oak Park and River Forest having 
approximately the same amount of radiation where the cost has been practically 
double the cost I was able to secure. 
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HEATING INDUSTRIAL BUILDINGS WITH 
WARM AIR 


By J. C. Miuzs,! Cievetanp, Ox10 


MEMBER 


HE practice of using direct fired fan-furnace heating systems for warming 

certain types of industrial buildings presents many attractive features which 

the heating engineer, architect and building owner may find it profitable to 
investigate. Such systems are relatively simple and, therefore, economical in 
first cost and operation, are flexible and readily responsive to the heating demands, 
provide effective air circulation within the building, overcoming stratification and 
high ceiling temperatures and require small maintenance expense. 

These systems are easily designed and reliable data are now available as to the 
efficiencies and heat transmission factors of the heaters when operating on various 
fuels. Data on fans, motors and design of the duct system, are the same as for 
similar systems using steam or water-heated surfaces, so that any heating and 
ventilating engineer can intelligently handle such layouts and installations. 

The Woodward Garage Building, in Cleveland, O., is a specific example in econ- 
omy—in maintenance—and in fuel consumption. The building was built as a 
storage garage. The construction is of the one-story type, with what is known as 
the Chicago or curved truss roof, Fig. 1. The walls are built of common brick, 
exposed on all sides. There are three large doors used for the entrance and exit 
of automobiles, and sufficient glass area to furnish adequate light. In addition 
to the glass area in the walls, there is a monitor with some glass exposure, which 
monitor is built of single board construction. There is also a very small skylight 
over one corner of the building where some little repair work is done. 

The contents of the building is 375,000 cu. ft.; the height is approximately 23 
ft.; the roof is built up of tar-paper and gravel on 1-in. tongue and grooved board. 
The windows are single glass. The doors are 2-in. tongue and grooved lumber; 
the floor is 4-in. concrete on cinders. Calculations made for this building were 
4284 sq. ft. of 18-in. common brick walls; 3339 sq. ft. 12-in. common brick wall; 
1698 sq. ft. of single 1-in. tongue and grooved board walls on the monitors; 165 


1 Vice-President, The Warm Air Furnace Co., Cleveland, Ohio. 
Presented at the Semi-Annual acting of the American Socrgty OF H&ATING AND VENTI- 
LATING ENGINEERS, West Baden, Ind., June, 1928. 
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sq. ft. of glass for side-walls and 494 sq. ft. of glass in monitor which includes a 
small amount of glass in a skylight; 402 sq. ft. of door area; 18,000 sq. ft. of roof; 
and 16,600 sq. ft. of floor area. The outside measurement of the building is 182 x 


Main Rises, 48"x 28" 


Air Supply Duct, 68x 20" 


2 


Not 
excavated 


CL 





Fic. 2. Cast-Iron Furnacg with Fan EQuipMENT 


91 ft. The coefficient of heat losses used were taken from the American Society 
or HATING AND VENTILATING ENGINEERS standards and are as follows: 


Brick wall ig TE PRR RS PRES ee be 0.218 
Berdets Weld (IR Ga) 30. Se. i aT 0.278 
EATS a iy Sie ieee ee eee 0.485 
pS RPP perenne re ret 2c) renee 0.35 

Monitor skylight and window glass....... 1.13 

Bn a is.50k ss os 60 RowMee ss ams ceee ens 0.382 
BN pay castes ste eue ee ses bona ctens 0.490 
NR is 5's cium bdimes Se kes aes 0.018 


The calculation for infiltration was based upon an estimated opening and clos- 
ing of the doors, as well as leakage around the windows, doors and other possible 
inlets. The amount of this was estimated to be one complete air change, per hour, 
as an average. It was understood, however, that during the morning and evening 
period when the cars were leaving or returning to the garage, the inlet of air 
would, in all probability, many times exceed one change per hour. 

The desired temperature in this building was originally 50 deg. fahr., but in 
view of the fact that after the heating contract was arranged, a change was made 
in the roof construction from a flat roof to the Chicago type roof, the owners 
were amenable to a 40 deg. temperature. Therefore, this calculation is made 
on the basis of 40 deg. temperature in zero weather. The total estimated heat 
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loss per hour in zero weather, using the above constants and 40 deg. temperature 
difference, was 754,300 B.t.u. per hour (approximate). 

The heating system consists of one horizontal type cast-iron furnace, as shown 
in Fig. 2. The manufacturer’s rating on this furnace is 850,000 B.t.u. per hour; 
the furnace has a rated grate area of 8.2 sq. ft. and 382 ft. of heating surface (a 
ratio of 46.5:1). The fan equipment is of the centrifugal, squirrel-cage type, with 
a rated capacity of 13,000 cu. ft. of air per minute, working against a static pres- 
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Fic. 3. Degraits or Arr SUPPLY AND RECIRCULATION 


sure resistance equal to */,-in. water gage. The air is taken from the floor and 
recirculated as indicated in Fig. 3. 

There is an automatic by-pass louver damper in the cold air duct between the 
fan and furnace, which is forced to close by the pressure developed when the fan 
is in operation, but is balanced so that it will automatically fall open when the fan 
is shut off. This damper allows for air supply in addition to what is passed through 
the fan. This by-pass opening serves as a protection to the furnace when the fan is 
not running, as well as to furnish a small amount of heat through gravity circulation. 

The system of heat distribution is by over-head warm air ducts, with a total 
of ten outlets, distributed at various points down through the center of the build- 
ing as shown in Fig. 1. These outlets are directed at an angle of approximately 
45 deg., so that the outlet velocity, calculated at 1000 ft. per minute, may deliver 
the air at the floor. 

Sufficient tests were made to indicate a possible combustion rate of 15 lb. of 
fuel per hour. 
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A laboratory test was made by the late John R. Allen, on a furnace of the same 
make and design, but of smaller size, which would indicate a safe assumption of 
an over-all efficiency of 60 per cent. 

The temperature difference shown in test chart, Fig. 4, indicates a tempera- 
ture rise of 60 deg. fahr., hence the possible heating capacity would be 780,000 
x 60 x 0.24 x 0.78 = 890,000 B.t.u. (approximate). 
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Fic. 4. TEMPERATURE CHART SHOWING RANGE AT SEVERAL POINTS IN 
BUILDING 


Season’s Estimated Heat Loss 


Based on the geographic location of this building, and using the U. S. Weather 
Bureau’s average temperature estimate during the heating period of this observa- 
tion, it was found that the total heat loss to maintain the temperature of 40 deg. 
fahr. for a full season of 182 days or 4368 hours, should be in accordance with 
our calculation—660,000,000 B.t.u. The heat loss per hour per degree difference 
in temperature was calculated at 18,856 B.t.u. and the actual loss for the season 
of '/; of the maximum indicates 18,856 x 4368 x 40 x 0.20 = 560,000,000 B.t.u. 

Since the ground temperature beneath the floor is 50 deg. there is a possible 
source of heat supply which may be estimated at 5 deg. fahr. temperature difference. 

Then with 660,000,000 — (16,600 x 0.49 x 5 x 4368) = 482,000,000 B.t.u. 
loss per season calculated, it was found upon investigation of the fuel used for 
the season, that the 18 tons of run-of-mine Pocahontas and a small amount of 
Pittsburgh bituminous coal were burned. By adding 10 per cent for wood and 
calculating the total heat value, using 14,000 B.t.u. per lb., a total of 555,000,000 
B.t.u. was obtained thus: 18 x 2000 x 14,000 x 0.10 = 555,000,000. Since the burned 
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fuel value is 555,000,000 B.t.u. and the calculated heat loss is 482,000,000 B.t.u. 
482,000,000 
555,000,000 

This far. blast, or forced air system, consisted of an over-head duct at about 15 
ft. from the floor, with branches leading down to a level of approximately 12 ft. 
from the floor; the outlets of these branches are directed so that the current of 
incoming warm air comes in direct contact with the automobiles stored or strikes 
the floor and rebounds up to the stored automobiles. 

The storage capacity of this building is 140 cars of average size and by assuming 
an average storage of one-half the capacity and 3000 lb. as the average weight of 
each car, and a temperature increase of 20 deg. fahr., and an estimated specific 
heat coefficient of 0.125, we have: 2 - Se « 525,000 B.t.u. 
that will be absorbed by the material in the building. 


It should be borne in mind here that distribution plays a great part, and that 
it is important to distribute the heat where heat is needed and not to outside walls, 
roof, etc. It is also apparent that reversing the air current will reduce the ceiling or 
roof temperature, which is usually a large factor in heat losses in industrial build- 
ings. Fig. 4 gives a comprehensive diagram of the prevalent temperatures 
at different points of the floor area as well as various elevations from the floor. 
The entire building was plotted into areas or stations, which would approximate 
the average temperatures of the whole, in an attempt to verify the assumptions 
and the results appear to justify the analysis. It will be noted that Station No. 
4, in Fig. 4, which is the highest part of the building, consistently shows a lower 
temperature than at lower elevations. Station No. 3, in Fig. 4, in the center 
of the building shows the highest temperature, but this apparently is due to radiant 
heat from the hot air pipe. These thermometers were shielded from radiant heat 
effect (Station No. 3-S, Fig. 4), but it was decided that a true condition would be 
better shown by having uninsulated thermometers 1 ft. from the heat duct or at 
the uniform height of 14 ft. from the floor. 


It will be noted in Fig. 4 that the average breathing line temperature was 
52.7 deg. fahr., and the average temperature at the outside wall was 50 deg. fahr. 

The general practice is to assume an inside temperature, usually at breathing 
line, from which the temperature difference is determined, and heat loss calculations 
made from the heat loss coefficient adopted by the American Socrety or Hzatine 
AND VENTILATING EncinzzRS. But it is evidenced in Fig. 4 that the average 
breathing-line temperature does not indicate the mean inside temperature in a 
system of this type. These analyses indicate advantages in the air heating prin- 
ciples, whether it be warm-air furnace or indirect steam. But a further observation 
brought out the fact that about three-fourths of the entire heating season there 
was little or no fire in the heater. It was estimated that about one-half of the 
time between October 1, 1924, and April 1, 1925, there was no fire in the heater 
at all; that most of this time there was oil-soaked wood and coal in the heater 
all set, ready for instant action in case the outside temperature would drop 
below 40 deg. This condition is made possible by the fact that a register tempera- 
ture of 140 deg. could be obtained in 30 min., thereby removing any danger of 


the efficiency is: 100 x = 87 per cent. 
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damage from freezing. Some fuel economy may be accounted for in this way 
and affect the computed efficiency. 

The matter of maintenance expense for four years’ heating service was investi- 
gated and found to be $30.80 for all repairs, including some fan-belt trouble and 
burned-out grate-bars. The fuel statement was checked through the owner who 
furnished delivery receipts, and a reliable check of the various coal companies in 
the city of Cleveland. This paper, presented as a non-technical field observation, 
sets forth various conditions, applications and results not found in the usual 
industrial heating practice, and gives a nucleus for further investigation. 


DISCUSSION 


E. K. Campsett: A few years ago it was a common criticism of the Society 
that it was an organization of steam men, and that the warm air men had no 
chance and received no consideration. There seems to have been a decided change. 
Two. papers on warm air heating on the program this morning are about the best 
indication of it. 

There seem to me to be two things in this paper possibly open to criticism from 
the standpoint of the warm air furnace men themselves. The first is the method 
and the success of the distribution of temperature. The second is the method of 
computing the efficiency of the plant. 


There are two theories of distribution within a large room which are struggling 
for supremacy, you might say, at the present time. One will probably win out 
in one class of building; the other in another class of building. 

The system described in this paper is probably an extreme example of the system 
which depends upon velocity and the consequent injector action of the jet of air for 
distribution. I say an extreme example because the volume of air handled was so 
small in proportion to the size of the room. It figures out one volume of air moved 
about every 28 minutes. In the garage code which is coming up for discussion to- 
morrow morning, the Committee has placed, as a minimum for recirculation, a 
change every 20 minutes. 

While the distribution in this particular case was sufficient for the purpose in- 
volved, it would hardly pass for any other class of building, and consequently a 
larger volume of air is necessary for what you might consider good distribution 
for the ordinary building outside of garages; particularly in audience rooms a much 
larger volume is necessary. 

Hence the other theory of distribution is that of doing away with the distrib- 
uting ducts within the room entirely and depending upon the large volume of 
air handled to get the distribution over the space involved, the theory being that 
the warm air coming into the room floats across the ceiling, not so much under the 
direct action of the fan as simply under the impetus given it by the elbow or par- 
ticular form of the outlet. 

Then as the cold air is drawn off the floor, the warm air is drawn néeni, evenly 
distributed over the space. In our own practice we have adopted a standard 
for audience rooms on rooms of similar character, of making a change every 10 
minutes, 6 times an hour. That we find gives practically an even distribution over 
large rooms. We have applied that to rooms having several acres of floor space 
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and have recently applied it to the large room of the Butler University Field House 
in Indianapolis containing something like 4,500,000 cu. ft. of space in one room. 

The settlement of the controversy, as we might call it, between the two theories 
will probably revolve around the dollars and cents. In garages and buildings of 
that type, where exact distribution is not necessary, the cheaper installation will 
finally take the field. In the other types of buildings, the large volume being neces- 
sary, and the distributing ducts within the room objectionable, the other theory 
will probably take the field. 

Now, as to the method of computing the efficiency of the plant: I do not think 
any computation of efficiency which is based on an assumption for the 100 per 
cent is worth the paper it is written on; I do not care whether it is a steam plant, 
a furnace plant, or whatever it may be. So that I do not believe the computation 
of efficiency or the claim of 87 per cent efficiency in this paper amounts to very 
much, but the fact remains that this type of system, in quite general use in the cen- 
tral or middle west, has shown decided fuel economy as compared with the ordinary 
applications of steam heating. So that although the figures and the method of pres- 
entation are not convincing in themselves, I do not believe that he has greatly 
overstated the claim as to fuel economy of this type of system. 


Joun R. Gass: I think this paper on warm air heating in garages is very inter- 
esting, but to me the bigger problem in the garage is ventilation. No point has 
been made at all as to what is happening with the air that is being delivered into 
the building, and especially the exhaust from the cars. 


I have in mind a design of a garage, a multiple-story building, and it is going to 
be necessary to dispose of the carbon monoxide gas from the cars. I wonder 
from this garage he has in mind, if any attempt has been made to dispose of that 
gas in this particular instance. Also what the effect would be for this type of 
system on a building having more than one floor. 

It seems to me that there must be an outlet for the air that is blown in and in this 
case I think the air is no doubt exhausted through the roof ventilator, but if more 
floors are above the one floor, some other means has to be provided to get the air 
out. 


Also in regard to the cost of heating this garage: he stated that only 18 tons of 
coal were used, but did not say how much crankcase oil was used. If that is con- 
verted into equivalent coal and any considerable amount of it used, I think his 
fuel bill was more than 18 tons. 

The main point I wanted to bring out was the fact that proper ventilation 
is to me more important than proper heating because there are any number of 
ways in which the heat losses through the walls and roof could be compensated 
for by heating. Any of them would be satisfactory, but the proper distribution 
of the air, especially getting rid of the carbon monoxide and carbon dioxide gases 
that will form in the garage when any number of cars are running at one time, due 
to the fact that it is generally considered that those gases are heavier than air 
and fall to the floor, there is no provision in his plan to carry off those gases. 

It always had been my impression that those gases were heavier than air and 
fell to the floor of their own accord, but I have been enlightened on the subject, and 
the fact is, carbon monoxide is lighter than air and will rise to the ceiling, if not 
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for the fact that the other gases form a blanket over the carbon monoxide and 
make them settle to the floor temporarily, and then is the time when the air should 
be drawn off the floor, before those other gases disintegrate and allow the carbon 
monoxide to separate from the other gases which then would rise to the ceiling, 
and it is a question in my mind as to whether or not the proper place to take the 
air is off the floor or off the ceiling. 

It is interesting to note from his paper that the temperature at the ceiling was 
lower than at the floor. That is rather hard to believe unless you have actually 
tested it, because it is known and proved, of course, that the warm air will rise to 
the ceiling, and I just wonder if a great amount of air was not being lost or emitted 
through the monitor sky-light or if any means had been taken to determine how 
much air was being exhausted from the building. 


F. A. Krrcnen: With reference to the heating and ventilation of garages, 
there are some interesting ideas brought out by this paper. The question of 
ventilation was just mentioned. It has been our observation that a large per- 
centage of garages in the Middle West have no provision for positive ventilation of 
outside air and it will be a difficult thing to educate the garage operators to the 
higher requirement of the new ventilation code. 


A forty-degree temperature is all that the garage operator wants, as his business is 
merely to keep cars from freezing. This low temperature requirement does make 
it entirely practical to fire only occasionally where such direct transmission heaters 
can attain a forty-degree temperature within a relatively short period. 

This same method of heating has been used successfully in multi-storied ramp 
garages. A particular case in Kansas City illustrates the small fuel bill possible 
with similar equipment. A five-story garage for the past two years has averaged 
less than $250.00 for heating only. 

I agree that some ventilation is necessary, but garage operators are not going 
to use the ventilation equipment which is extreme in its requirement. 

Another point in connection with this paper is interesting. The usual method of 
estimating heat loss would be on the basis of a ten-foot room, adding a percentage 
for greater heights. I believe the distribution system plays an important part in 
the actual heat loss of a building and this paper shows with actual readings that 
with a distribution system properly designed and laid out, an entirely different 
result can be obtained with fan blast plants as compared to any gravity system. 

One other question has been brought to our attention in garage heating and that 
is the temperature of material contained in the cars themselves. We are not at all 
sure that there is not an actual heat input to the building, say, in a five-story garage 
with four hundred cars passing in and out during the day. 


We have calculated the average temperature of motor, body-cooling system in 
average car weighing 3000 lb. and from such meagre information as we could 
gather together, it is entirely possible that there would be a five- or even ten-degree 
higher temperature than the forty-degree room temperature. This might account 
for a considerable reduction in heat requirements. 


E. B. Lancunsere: There is one thing that I want to mention; that is, dif- 
fusion of the gases throughout the building; taking into consideration the infiltration 
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of air into that building with the number of cars that come and go, there is a con- 
stant diffusion of gases. We propose to conduct a test in St. Louis this fall to de- 
termine the amount of diffusion of those gases in a 4- and 7-story garage, and also 
under the three types of heating: steam, air blast and unit heater types, so I think 
by next January and possibly not later than the summer meeting next year, we can 
report something definite from the health viewpoint, as to the quality of gases as 
diffused by the different types of heating. 


J. C. Mrzs: Before I start, I want to say this is not a ventilating system; 
this is a heating system. 

In reference to Mr. Campbell’s remarks about the computation of efficiency, the 
facts surrounding this computation are evidenced in the paper. Of course, we 
had to make some kind of a calculation to get a conclusion of some kind. When we 
were all done with it, it showed 87 per cent. You men are all familiar with this 
particular line of calculating heat losses and efficiency. I am offering this as my 
contribution, and you may arrive at another conclusion. 


In reference to the number of air changes, the facts here brought out indicate 
that two air changes are enough for heating. This is a heating system. 

In reference to the single outlet: I will say that I am inclined to think this is 
where we get our fuel economy. [If this air floats across the ceiling, it would have 
a much higher ceiling temperature. If you will check up on the ceilings or roof 
losses of a factory or garage building, you will find it exceeds by two or three times 
the various amounts of heat loss in other parts of the building, so that floating 
hot air on the ceiling is where a lot of the fuel is wasted. 


In answering Mr. Campbell, the distribution is down through the center of the 
building and that, to my mind, is paramount. 

With reference to multiple-floor buildings, it is merely a matter of returning the 
air; of course, you have to pull the air out. All you need do is run a duct down 
from the upper floor of the building and pull the air down the same as from other 
portions of the building. The only difference from Mr. Campbell’s idea is to have 
one opening on the first floor because no heat is lost on the ceiling. On the top 
floor it would be necessary to distribute the heat as we have it shown. 


Mr. Kitchen’s remark about the multiple-floors was answered by bringing the 
air down from the floor above, and distributing the heat from the ceiling on the 
top floor where the heat loss is greater. 

In computing this efficiency I want you to notice on p. 379, Fig. 4, that under a 
typical observation, the temperature at the breathing line was 52 deg. fahr., so the 
temperature in this building was always above 40 and that efficiency of 87 per cent 
really does not apply. It does apply in our calculations, but does not apply to 
the actual conditions because the temperature was always above 40 deg. fahr. 
We had some heat from the engines, but this was over night storage of cars, and 
there wasn’t a great deal. There was a little oil put into this furnace and some 
wood, for the purpose of starting the fires only, so we couldn’t expect to get very 
much heat from that source. 

The main thing that I am bringing out here, to answer Mr. Kitchen’s last ques- 
tion, is that there is, in the final analysis, quite obviously a fuel economy. 
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RELATIVE CONSUMPTION OF VARIOUS SOLID 
FUELS IN RESIDENCE HEATING’ 


By V. 8. Day,? Ursana, It. 
MEMBER 
Object 


From the results obtained in the Research Residence of the National Warm 
Air Heating Association, at the University of Illinois, it is proposed to show com- 
parisons of the relative economy of six distinct classes of solid fuels, and to show a 
method of approximating the consumption of any other solid fuel of known physical 
and chemical characteristics. The data were obtained in a warm air heating sys- 
tem, but inasmuch as the differences in economy of the six classes of fuel were due 
to combustion processes, rather than to the heat transmitting method and medium, 
the comparisons should be applicable to other systems of residence heating. 


Description and Scope 


A description of the Research Residence’ is not essential to the subject matter of 
this paper. It is sufficient to note that 10 rooms in three stories were heated by a 
common type of warm air furnace, with a typical installation of pipes, 11 in number 
and totaling 832 sq. in. in cross-sectional area. The heat loss of the building for 
zero temperature and 15 miles per hour wind movement is 119,000 B.t.u. per hour. 
The furnace had 2.88 sq. ft. of grate area. 


It is essential that the conditions under which the data were obtained be under- 
stood, and the following are the principal conditions. The Residence was heated 
day and night, with the exception of one small room which was occupied at night 
and was closed off. A temperature of 70 deg. fahr. average at the breathing level 
for the ten heated spaces was maintained with a dual system of thermostats. 
This control was adjusted to suit varying weather conditions, so that variations 
from the mean temperature at any one point in the Residence amounted to only 
1 deg. fahr. Under this nice control the dampers opened to admit air to the fuel 
several times an hour, and combustion went on at a nearly uniform rate. 


Fuel was fired four times in the 24-hour day. Each morning the ashes and sur- 
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plus coal were removed, leaving a clean bed of coals at one-half firepot depth as 
shown by a definite marker. From the weight of fuel fired and the refuse with- 
drawn the daily fuel consumption was computed. 

No lumps larger than 6 in. were fired, and all fines which resulted from breaking 
and handling were fired. The anthracite and coke were uniform in size, to pass a 
3-in. screen. In firing the soft coal some pretense was made toward the so-called 
—" method, and an effort made to prevent the formation of holes in the fuel 


All fuels were delivered to the Residence, and fired, without wetting. Samples 
were accumulated as the tests proceeded. 


A chimney, 12 in. by 12 in. by 35 ft., and tile lined with 8-in. two-course brick 
surrounding, provided the draft. No check draft opening was used. A cross 


TABLE 1. PRoxIMATE ANALYSIS OF SIx FUELS 




















Fuel as Moisture, | Volatile, | Fixed car- Ash, Sulphur, Value, 

Fired Per cent Per cent [bon,Percent| Per cent Per cent B.t.u./Ib. 
Anthracite 4.24 5.79 78.22 11.75 0.59 12,618 
By-pro. coke 1.00 0.77 88.66 9.57 0.69 13,100 
Bitum. (Ill. poor) 8.86 36.07 42.18 12.89 4.10 11,178 
Pocahontas 1.77 17.84 75.24 5.15 0.59 14,836 
Bitum. (Ill. good) 8.40 32.00 50.89 8.71 0.72 11,881 
Bitum. (E. Ken.) 1.76 37.10 53.96 7.18 1.13 13,698 











damper was provided and used, with smoking at the fire door as a limiting con- 
dition. 

Proximate analyses of the six fuels fired are given in Table 1, and it should be 
observed that they are of widely different characteristics. 

Results of the tests are given in Table 2. 


Analysis of Results 


Inasmuch as weather conditions during each test, and consequentlythe rates of 
combustion, were not controllable, the procedure shown in Columns 4, 5 and 6 of 
Table 2 was followed to obtain an equal basis for comparing the results. 

Column 4 shows the temperature difference between the air inside and outside of 
the house. The values shown in this column are proportional to the loads against 
which the heater was operating. These loads were unequal. 

Column 5 shows the average combustion rate for the particular fuel, load, and 
for the particular number of tests. 

Column 6, arrived at by dividing Column 5 values by Column 4 values, shows the 
coefficients upon which the relative consumptions of fuel were based. 

This procedure is based on the assumption that the combustion rate is directly 
proportional to the indoor-outdoor temperature difference or temperature load. 
The assumption is not theoretically correct as the furnace efficiency is not constant 
for all rates of combustion, and the zero of combustion rate probably does not occur 
at zero temperature difference. However, the scatter of points on a graph of the 
relation was so great as to render impossible the accurate drawing of any line other 
than a straight line. Furthermore, the tests were all run at temperatures within 
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a few degrees of the seasonal normal. Under these conditions the assumption may 
be shown to be correct for practical purposes, and the values in Column 6 become 
the coefficients for computation of values in Columns 8, 9 and 12. 

Column 7 is a conversion of Column 6 values from a weight basis to one of calorific 
value. It may be used to compare the fuels on the basis of thermal efficiency. The 
values show that fuels for which the smallest number of heat units were expended in 
heating the house were not the most economical fuels. 

This over-all thermal efficiency is a very important consideration in residence 
heating, as with coke or anthracite coal it has been found that the over-all efficiency 


TABLE 2. RESEARCH RESIDENCE ANALYSIS OF FUEL, CONSUMPTION AND RELATIVE 
































Economy oF FUELS 
1 2 3 4 5 6 7 8 9 10 11 12 
Av. 
m.. a Av. aie A Teas* Rela- 
. ‘omb. x- Vv. ‘ons **| tive 
— ‘yer’ | Di. | Rate, | Rate’ Jpend-|Comb.| Req'd] “4g° | Per" | Cost 
Test Tests |Temp.,| Lb. | per 1°, | ed | Rate,| for | an- Ton of 
No. Aver-| In- |,Pe, | Diff.” | Ber | Zero | Kauall die, | at — 
aged} Out Grate } af Diff. | ther son ts, [Urtens Doi- 
per Hr. In- lars 
Out 
194-103 | Anthracite 9 | 41.5 | 1.90 | 0.0459 | 580 | 3.21 9.7 | 2280 | 16.50 | 160 
118-120 | Coke 3 | 36.1 | 1.59 | 0.0440 | 576 | 3.08 | 9.4 | 1800 | 13.50 | 127 


(By-product) 
121-148 | Bituminous 19 | 38.3 | 2.75 | 0.0720 | 806 | 5.04 | 15.4 | 3970 6.50 | 100 
(Inferior Ill.) 

220-231 | Pocahontas 11 | 33.8 | 1.40 | 0.0415 | 616 | 2.90 | 8.9 920 9.25 82 
233-239 | Bituminous 7 | 34.9 | 2.12 | 0.0608 | 722 | 4.25 | 13.0 | 2270 7.75 | 101 
(Good Iil.) 
272-275 | E. Kentucky 7 | 38.6 | 2.04 | 0.0529 | 725 | 3.70 | 11.3 | 1620 8.50 | 96 
290-282 







































































All tests made with dual thermostatic control. 
* Season tonnage based on a load of 6160 deg.-days. 
** Takes no t of variations in price during season, or account of locality. 





is approximately 90 per cent, or in other words the final chimney loss is only 10 
per cent of the heat of the fuel. With inferior fuels this over-all efficiency may be as 
low as 65 per cent, with 35 per cent of the heat of the fuel lost from the chimney. 

Column 8 shows the probable combustion rate necessary to heat the house to 
70 deg. fahr. in zero weather. This rate varies with different fuels of the same 
classification and the last two digits of the number cannot be regarded as definite. 

Using Column 6 and a total seasonal heating load of 6160 degree-days the total 
seasonal tonnage shown in Column 9 was obtained. The values in Column 9 are 
in the same order as those of Column 6, and the transformation has been made 
simply to express the fuel consumption in the accepted mode. From the tonnage 
and the unit cost (Col. 11) the relative cost of operation shown in Column 12 was 
obtained. 

A seasonal load of 6160 degree-days is nearly normal for the locality of the Re- 
search Residence and inasmuch as it was the actual seasonal load with the first 














388 Transactions American Society oF HEATING AND VENTILATING ENGINEERS 


winter’s fuel, anthracite, the consumption of each of the other fuels was calculated 
to the basis. 

Column 11 shows the actual price paid for the fuels in the bin. These prices 
vary with season and location, and the values in Column 12 should be accepted with 
reservation. Different prices than quoted might easily affect a rearrangement of 
the values in Column 12. 

The amount of ash handled with the six fuels is an important factor affecting 
their relative value as warm air furnace fuels. If the ash percentages of Table 1 
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are applied to the season tonnages of Table 2 it will be found that the weights 
of ashes carried away from the furnace, not accounting for coal which actually fell 
through the grates were as shown in Column 10. 

Thus Table 2 shows that Pocahontas coal possessed the greatest number of 
economical characteristics, least tonnage, least ash handling and least cost. Soft 
coal, having the lowest unit price, was not the cheapest coal for the season and re- 
quired the greatest tonnage. This fuel though unsatisfactory from the standpoint 
of smoke, soot, ashes and low thermal efficiency has one advantage, namely, quick 
ignition and acceleration of the fire, which makes it adaptable to intermittent firing. 
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Suggested Application 


Critical examination of the values in Table 2 shows that no one chemical or 
physical characteristic of the fuels alone controls the consumption, hence the 
analysis shown in Fig. 1 has been attempted to reveal the effect of the predominant 
characteristics. 

In Fig. 1 the heat value, ash percentage and volatile percentage, have all been 
plotted with seasonal tonnage as abscissae. The resulting graphs show certain 
tendencies, though erratic, as follows: 


a. Tonnage varies inversely as heat value. 
b. Tonnage varies directly as the ash. 
c. Tonnage varies directly as the volatile. 


These relations when combined indicate that tonnage varies directly as the prod- 
uct of ash times volatile and inversely as the heat value. A fourth graph has been 
drawn expressing this combined relation, and in this graph the erratic tendencies of 
the other three are minimized, so that it serves as an approximate measure of the 
tonnage required for any fuel of known characteristics. Thus for a fuel for which 
the fraction (ash times volatile divided by B.t.u. value) equals 0.02 the weight 
required would be 11.9 tons. 

Similarly if a purchaser is offered two fuels at the same price he should choose 
that for which the fraction is least. Expressed in other words the graph means 
that for minimum consumption fuels having low values of the fraction are de- 
sirable. With this knowledge price may be combined with consumption in the 
intelligent selection of fuels for maximum value. 

The graph may be further employed to approximate the consumption of any 
fuel in any residence by proportioning the tonnage and heat loss of the Research 
Residence (119,000 B.t.u. per hour at 0 deg. fahr. and 15 miles per hour wind) 
to the heat loss of the house in question (for the same conditions). 

Attention is again directed to the test conditions and assumptions on which this 
analysis is based. 


DISCUSSION 


E. B. LANGENBERG (WRITTEN): The proverbial extravagance of the American 
public in the use of solid fuels is something that has been continenced and tolerated 
by the engineer and even reflecting in current designs of heating apparatus. Were 
it not for this extravagance, many heating systems would fail to function properly. 

We all know the dangers of over-firing and the damage that is done to every 
plant by carelessness in this respect, but as far as the writer knows, no concentrated 
effort has been made to instruct the public in the proper use of solid fuels. It has 
only been within recent years that different firing instructions have been issued 
which were intended to cover the subject adequately. 

There is no question but that the public will respond to a program of intelligent 
instruction that will provide them with the comfort they demand in home heating 

Were engineers and manufacturers to take the table on page 387 and trans- 
pose it into simple layman language, the latter would be able to understand 
the relative values in the different types of fuels and purchase fuel in the most 
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economical way. Combining with this table, proper firing instructions, and de- 
termining for the owner the correct firing period together with an explanation of 
the results he may expect, will appeal to his imagination and he will respond to the 
suggestion. 

There are, of course, other determining factors that control his purchase of fuel, 
but he at least will be advised of the correct type and quantity necessary to meet 
his requirements. ' 

Publication of information of this character is highly desirable from the engineer’s 
standpoint and this particular test stands out as it was made under actual working 
conditions in an actual residence and not under controlled conditions as would be 
the case in a laboratory experiment. 

It would be well to continue these experiments and even though results might 
be erratic, they would at least show certain tendencies which the heating engineer 
must consider in his design of apparatus and installation. 

The work of the Citizens’ Smoke Abatement League in their campaign of smoke 
elimination in St. Louis has shown definitely that the consumer is extremely ig- 
norant on fuel value and proper firing methods and because of this ignorance, the 
heating plant has failed to function in the most economical and efficient manner. 
During the past year, nearly 200,000 pieces of literature containing firing instruc- 
tions have been issued by the League, and a report just issued by the League indi- 
cates a smoke reduction of 66 per cent in residence heating plants. In discussing 
this with other heating men the writer has been informed that complaints on heat- 
ing apparatus failing to function has been reduced considerably. This would 
indicate that higher efficiencies are being developed by the consumer when proper 
firing methods are used. 


Percy NicHouLis (WRITTEN): The type of tests being made by the University 
of Illinois is much needed. The facilities of the University’s Research Residence 
permit of the accumulation of data which would give information on the follow- 
ing factors: 

1. The relation between the efficiency of heating equipment as obtained on the 
test block and as obtained when installed and used under normal operating con- 
ditions. 

2. The relative values when using different fuels. 

3. The relation between the heat requirements computed for the whole build- 
ings and the actual requirements. 

Such information is needed to reconcile the results of laboratory tests of furnaces 
and of heat losses from buildings with the actual values as fixed by normal seasonal 
and operating conditions. 

The paper by V. 8S. Day treats only the results as dependent on the fuels, but 
it is probable that the additional data collected would permit of the analyses being 
extended to give some information on items 1 and 3 above. The following con- 
clusions have been deduced from the data given, although it is granted that inves- 
tigations of the type under discussion must cover long periods before it is safe to 
generalize. 

The paper suggests that the only heat of the coal not utilized when burning 
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anthracite is 10 per cent lost in the flue gases. This is based on the assumption 
that the radiation loss from the furnace is usefully employed in the cellar. This 
estimate of heat loss is rather low for normal operation; 20 per cent for the average 
loss to the chimney and ash pit is more nearly correct, giving 80 per cent efficiency 
of furnace and grate for anthracite. Assuming this the relative efficiencies of the 
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fuels tested, based on the tonnage given in column 9 of Table 2 of Mr. Day’s paper, 
are shown in the following table: 


B.t.u. in Eval Relative Efficiencies B.t.u. Utilized 
Fuel Fired per Hour of Furnace and Grate per Hour 
Anthracite 116,000 80.0 92,800 
Coke 116,700 79.6 92,800 
Pocahontas, W. Va. 124,700 74.5 92,800 
Illinois (good) 145,500 64.0 92,800 
Eastern Kentucky 146,500 63.4 92,800 
Illinois (bad) 164,000 56.8 92,800 


As a rule the thermal efficiencies obtained on the test block with anthracite 
and coke are about the same, which agrees with the values in the above table. 
The difference between the efficiencies of anthracite and the Illinois bituminous 
coals is greater than that obtained in the tests reported in Bulletin 141 of the Uni- 
versity of Illinois, and is also greater than ene would expect. A possible expla- 
nation is that a coal high in volatile matter would be handicapped by the inter- 
mittent operation of the regulator more than would one low in volatile matter, 
because the volatile matter would tend to pass off unburned when the damper was 
closed; thus the high-volatile coal would show a lower efficiency under service 
operation than it would on the test block. 

The last column in the previous table shows that the heat delivered to the house 
under ihe assumed conditions would be 78 per cent of the 119,000 B.t.u. per hour 
given in Mr. Day’s paper as the zero weather requirement. Does this fact not 
imply that the 119,000 B.t.u. estimated is too high? 

The results obtained with different coals used to fire steam-heating boilers 
may be of interest. The U. S. Bureau of Mines is now printing a bulletin which 
reports the results of 500 tests with 187 different coals from all the coal fields of 
the country. A summary similar in import to that given in Fig. 1 of Mr. Day’s 
paper is shown in Fig. A, reproduced here, of the Bureau of Mines bulletin. The 
heat delivered at the boiler outlet per pound of coal fired is plotted against the per- 
centage of volatile matter on the moisture ash-free basis. The figures in the circles 
are the number of tests averaged for each point. The curve shows that on the 
average the heat transferred to the water per pound of coal was about the same 
up to 32 per cent volatile matter. This plot does not distinguish the results with 
individual coals, but groups them in classes. 
ash X volatile a ‘ 
Mr. Day suggests that ——— on be used as a criterion when comparing 
coals, and that the lower the value the more available the coal would be. It is 
not likely that this would be found to hold if more coals were tested and if they 
were more nearly alike. The expression is not logical except for the heating value 
varying directly as the B.t.u. per pound; however, it could be used as a guide 
if the coals differ widely in characteristics. 


E. K. Campse.u: I think the information given in this paper is highly valuable, 
and of a definite character to the furnace men particularly. In fact, the experi- 
mentation at the University of Illinois has given a great mass of information which 
is only partly and very slowly being digested. And that is the thought that I 
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want to bring out in connection with this paper; that there is another conclusion 
that can be drawn from it that I think is of even greater importance than the com- 
parison of fuel values, which is that the furnace tested is primarily a hard coal 
furnace; and that for the efficient burning of soft coal, especially the lower grades, 
a different type of furnace must be developed. Of course, the furnace men are up 
against the commercial proposition that they hardly ever know that a furnace 
when once sold will burn either hard or soft coal, continuously, so they depend 
largely on a sort of mongrel type, but I believe it is quite possible that a soft coal 
furnace can be developed that will be just as efficient for soft coal as the type of 
furnace tested is for hard coal. 


Therefore, I draw the conclusion that this paper is just as much a test of the 
efficiency of the furnace for the different fuels as it is a fuel test. 


E. 8. Hauierr: The chart (p. 387) is of very great financial value, especially to us 
in St. Louis. For instance, I call your attention to that right hand column in which 
the cost of operating this building for a year, $160 for the anthracite, and so on 
down, the low grade bituminous coal is listed there at $100. 


Now, in St. Louis that $100 would be $45 and all the others would remain the 
same. You see, then, where it putsus. We haven’t any choice. I can’t say that 
I am going to select Pocahontas or coke or anything of that kind; that thing is 
all cut out for me. 


We have had this information essentially as given, and have acted upon the facts 
and are buying our coal in accordance with the facts shown here, but it would be 
impossible for me as an engineer to recommend any of the others except inferior 
Illinois coal because it shows the cost about half or something less than half of the 
cost of any other kind of coal to use in our particular place. 


Mr. LANGENBERG: Mr. Chairman, in reading this paper and preparing the 
discussion for it, my thought went a little further than just the analysis that has 
been made in this research work. In other words, I have tried to interpret it in 
terms of the consumer, that is, its application, and being more of a manufacturer 
than an engineer, I am interested in the application of this thing. 


My one thought in bringing this to your attention is that instruction on how 
to use your apparatus is sadly lacking in the field. The public knows very little 
about how to use the apparatus. Two of the largest architects in St. Louis tell 
me, “They will put in the most complicated apparatus, and not tell us how to 
manipulate it. We hire some one to operate it for us and then do not get results. 
Why don’t you give instructions in printed form that we can force these janitors 
and people who operate this apparatus to operate it in a particular way?” 

It is very interesting to notice the results of the smoke abatement work we have 
done in St. Louis during the last twelve months, as it reflects this efficiency men- 
tioned in the report just made. 

They have made 46,331 calls. Householders instructed, 20,764; janitors in- 
structed, 7629; complaints investigated, 538; smokers corrected, 3945. Those 
are definite corrections that have been made under observation of three or four 
weeks, and not the householder that has just received instructions. Here is what 
was found: 
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The manner in which we found hundreds of heating plants being operated 
in St. Louis is almost unbelievable. We have found boilers with doors, sections 
and smoke pipe held in place with baling wire. Sometimes the leaks in the sec- 
tions were so bad that water leaking out of the boiler almost puts out the fire. We 
have found many boilers being fired with part or all of the grates missing. Down 
draft boilers are operated in every conceivable manner. Sometimes green coal is 
fired on the middle grates, more often the middle grates are used as an ashpit. We 
found one large down draft boiler with 3'/:-in. tubes and the opening in the tubes 
was only about 1 in., the balance of the space being filled with soot. In this same 
boiler the ashpit and middle grates were filled with ashes and clinkers to within 
2 in. of the upper grates. This boiler was being fired twenty-five timesa day. Al- 
though this boiler was large enough to take care of a future addition to the build- 
ing, they could not get sufficient heat to keep the building warm with an outside 
temperature of 15 degrees. After our men had thoroughly instructed the fireman 
and the boiler was thoroughly cleaned and operated properly, it was fired only 
four to six times in 24 hours and the owners reported a saving of 40 per cent in 
fuel. 

Others have reported to us savings as high as 50 percent. There is little doubt 
that under the conditions we found hundreds of heating plants being operated, 
the waste of fuel must have been at least 50 per cent. We found one fireman who 
for several years had been watching the chimney on the adjoining building to observe 
smoke conditions in his plant, notwithstanding the fact that this chimney was 
on the opposite side of the building from where the boiler was located. 


They have determined in St. Louis very accurately—I think more accurately 
than for any other smoke campaign put on—the smoke densities from various 
types of buildings. The average reduction made in St. Louis and the suburbs was 
practically 46 per cent, and in residence work alone 66 per cent; and the results 
I am hearing from the heating men in the city is that the complaints for inefficient 
heating are becoming gradually eliminated. 

These are things that the consumer must know. I think it is time the Society 
planned some kind of committee to draft rules for proper combustion and firing. 


There are men who have been firing boilers for twenty-five years at about 45 
per cent efficiency and who think they are doing a good job. Let’s tell the users 
and the public how to handle our apparatus in an efficient way; then we will be on 
a little higher plane ourselves. 


F. D. Menstne: If I were on the floor of Congress I would rise to tell you what 
a wonderful state Pennsylvania is. I am getting a little tired of hearing it said 
that anthracite coal is so high in price, and when it is referred to, the highest priced 
anthracite is quoted. I have been buying anthracite for my own use, and I have 
never paid more then ten dollars and a half a ton for it, even in war times. I now 
pay $7.50. Is it fair to run a test in the center of this country and add a high 
freight rate on anthracite? Would it not be better to deduct all freight rates? 

There are two distinct types of anthracite. If we would learn to use those types, 
we would get better results. There is one, a white ash; another,aredash. White 
ash will go to a powder, and it is hard to get a draft with it. Red ash coal is the 
finest fuel God put on this earth, bar none, for steam heating purposes. You can- 
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not stop it from clinking so you can’t use it satisfactorily in the home. If you will 
mix those coals half and half you will get no clinker, and you will get no powder, 
and you will get a good draft, and you need not pay $16.50 a ton for coal; even 
in these times you should not pay more than $10.50 in Illinois, and if anybody is 
paying $16.50, come to me, and I will tell you how to save some money, and the 
price in the paper will drop on the scale from 160 to 100. The anthracite region in 
Pennsylvania needs business, and they are after it. 


J.C. Miizs: There is just one point I would like to bring out in connection with 
Professor Day’s paper, and that is this: that Professor Day’s experiment was with 
the kind of warm air furnace that is now being built and that the public will have 
to deal with, and it is my opinion that this is about the nearest conclusion that we 
can come to. 


There are 265 furnace manufacturers in the country and there are about a thou- 
sand different kinds of furnaces. If you would line them all up and set them on a 
table and take the name off, it would be awfully hard to isolate one from the other 
except for difference in type. This analysis here, from a standpoint of efficiency 
and heating costs, is based upon the conditions in which the whole country has to 
operate, and I think that that is the analysis that we should be governed by. 


V. S. Day: In reply to Mr. Campbell’s remarks about the furnace being pri- 
marily a hard coal burner; I agree with him that the furnace was of a type which 
would be sold now as a hard coal furnace. However, I think we have some impor- 
tant data in reply to him; that is this: in the case of every furnace which we have 
tested, although we have tested some sold as soft coal types, they showed higher 
efficiency with hard coal, even though they were manufactured and sold as soft 
coal burning furnaces. 


There is not much I can say in reply to Mr. Hallett’s remarks. His problem is 
in schools. 


As far as residence heating is concerned, we feel that when the benefits of clean 
atmosphere are known that the problem will be solved by gasification or electrifi- 
cation or something like that, because, as Mr. Hallett says, he cannot compete 
with the smoke problem efficiently. 


The same thing applies to Mr. Langenberg. He has accomplished some good 
results, but he has a long way to go. He neglected to say that the Bureau of Mines 
has pointed out that the smoke nuisance is the residence heater, not the large unit. 
You can instruct and penalize your fireman in apartment houses and factories 
and large institutions and make him minimize smoke, but the householder you 
cannot. 


Mr. Nicholls’ written discussion requires some consideration, and I will be as 
brief as possible on it. In the first place, I want to correct the impression that 
he may have received that there was an error in the work. The B.t.u. in the fuel 
burned he has given in the first page of his discussion as 116,000 and in this paper 
it is given as 119,500. He arrived at 116,000 by multiplying the coal values as 
given on the chart by 70. The paper stated a temperature of 70 degrees below 
zero and 15 miles wind velocity, and did not take into account wind velocity; there- 
fore, there is an apparent discrepancy. There is no real discrepancy. 

















396 Transactions American Society or HEATING AND VENTILATING ENGINEERS 


The heating efficiency of this house with anthracite figures 90 per cent, 10 
per cent of the fuel being wasted from the top of the chimney without doing a 
particle of good except it is the cost of the draft. We must utilize it to create the 
draft to burn the fuel so it is difficult to say it iseven aloss. So that which is not 
thermally useful is about 10 per cent with anthracite, and 35 per cent with lower 
grades of coal. Some of the other information, which you state as desirable to 
have, has been obtained. Circular 15 of the Engineering Experiment Station 
of the University of Illinois gives some information in brief, and two new publi- 
cations are now in the process of printing. They will be available about September 
first, and much of the information requested is nearly available. 

In reply to Mr. Mensing’s statement about anthracite: anthracite coal in our 
locality has not been lower than $16.50 per ton since the war. All I can say about 
anthracite coal is that you haven’t surveyed the market if you can sell it for $7.50 
aton. If you can compete, as you say you can, there is a real market for anthra- 
cite in Illinois, or in the West. 
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COEFFICIENTS OF HEAT TRANSFER AS MEASURED 
UNDER NATURAL WEATHER CONDITIONS 


By F. C. Hoveursen! anp C. G. F. Zopeu’ 
PirrsspurGa, Pa. 
MEMBERS 


URING the past winter, the Research Laboratory of the A.S.H.&V.E. 
has made a study of heat loss through various types of building construction 
with the Nicholls heat meter. The types of walls studied were those outlined 

by the Technical Advisory Committee on Heat Transmission. 


This report gives heat-transfer coefficients found for a number of types of con- 
struction and other characteristics of heat flow through walls under varying con- 
ditions. In making the investigation, it was hoped that certain conclusions 


could be drawn regarding: 


1. Various coefficients entering into heat-loss computations for the 
different types of construction. 

2. The accuracy of heat transmission coefficients now in use for certain 
types of walls which were derived frorn calculations based upon meager facts 
and questionable assumptions. 

3. The applications of generally accepted coefficients to walls in build- 
ings subjected to natural changing temperatures, and other climatic conditions. 

4. The characteristics of heat flow in its relation to changing weather 
— maximum and minimum temperature differences and other 

actors 

5. The practicability of the heat meter method of determining con- 
ductivity, conductance and inside and outside surface conductance coefficients. 


Application of the Heat Meter 


_ The method of applying the meter to walls, the observations necessary and 
methods of calculating results are discussed in other Laboratory reports,’ and will 
be only briefly touched on in this paper. 

Fig. 1 shows the heat meter, A, and the other instruments necessary for its use; 
these consist of standard physical laboratory equipment of the highest sensitivity. 


1 Director Research  Rohenstany, AS.H.&V.E. 
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The meter itself is a thin plate 24 in. square by about '/s in. thick. It can be 
applied to any wall for measuring heat flow, provided that the surface is plain 
and smooth enough to offer intimate contact between the meter and the wall. 
Usually the meter has been applied to the inner finished surface. It may, however, 
be applied to rougher surfaces by using an intermediate pad of soft material which 
will adjust itself to the irregularities of the wall and eliminate air circulation be- 
tween the meter and the wall surface. 

In order to use the meter in a large number of domestic and commercial buildings 
without interfering with wall decorations, and in many cases with normal occu- 





Fic. 1. Heat M&TER AND APPARATUS IN SCHENLEY APARTMENTS 


pancy of the space, as well as to expedite changing the set-up from one building 
to another, it was desirable to make certain changes in the earlier laboratory 
application and technique. 

Fig. 2 shows a convenient method of applying the meter to a wall. The simple 
stand takes up little space, and does not materially interfere with normal air 
circulation over the section of wall studied. By applying sufficient weight to 
the base of the stand, the necessary pressure for holding the plate tightly against 
the wall can be applied by the adjustable screw. All wires leading from the meter 
to the auxiliary instruments are contained in a cable, making it possible to place 
the instrument table at some distance, also to study several types of wall con- 
struction in different parts of the building. Cables from each meter are brought 
to the instrument table where observations can be made on any wall at will by 
means of a selective switch. ‘With this application the meter has been used in 
office, home and factory without materially interfering with normal occupancy. 
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Fig. 1 shows two of the meters applied to a wall in the Schenley Apartments in 
Pittsburgh. 


Results of Investigation on Heat Flow 


Table 1 is a list of the different walls studied and heat-transfer coefficients obtained. 
The list includes a number of types of construction other than those mentioned in 
the list suggested by the Technical Advisory Committee. These data were col- 
lected simultaneously with other types of construction suggested by the Committee. 


Figs. 3 to 13, inclusive, show some of the constructions tested. 


Fig. 14 is a log of heat flow and accompanying temperatures for several days 
for the Schenley Apartment, and Fig. 15 is a like log for Webster Hall. 


The coefficients considered in this report and their significance are as follows: 

C = Conductance = B.t.u./sq. ft./hr./degree temp. difference between surfaces 

hi = Inside surface conductance = B.t.u./sq. ft./hr./degree temp. difference 
between inside surface and air. 

Outside surface conductance = B.t.u./sq. ft./hr./degree temp. difference 
between outside surface and air. 

U = Transmittance = B.t.u./sq.ft./hr./degree temp. difference between inside 

and outside air. 


From Fig. 14, the log for the brick veneer tile wall in the Schenley Apartments, 
it is found that at 11 a.m., January 16, the heat flow through the top section of 
the north wall was 15.5 B.t.u. per sq. ft. per hr., also that the temperature differ- 
ence between the inside and outside wall surfaces was 47 deg. fahr., therefore, C, 

5 
conductance is = or 0.33. The instantaneous values for hi, ho, and U are 
obtained in the same manner using the proper temperature differences. 

Table 2 gives the bi-hourly values for this wall section for the entire day of 
January 16. These bi-hourly values for each day are averaged over the entire 
24 hr. and are called the daily averages, which are given in Table 3. These daily 
averages are in turn averaged, and the final averages corrected for heat capacity 
if necessary in order to obtain the accepted factors given in Table 1. 

If this method of analyzing the data is accurate to within the limits of the 
Nicholls heat meter which is 5 per cent the resulting figure for conductance should 
check to within 5 per cent the value for conductance obtained by taking an average 
over a period such that the average temperature of the wall at the start and finish 
of the period is the same. For example: taking the same wall section, it is found 
that the average conductance for January 14 to 17, inclusive, is 0.298. This is 
obtained from the daily averages after correcting them for heat capacity. If 
approximately the same period is considered, namely, from 12 p.m. of January 14 
to 12 p.m. of January 17, at the beginning and end of which period the average 
temperature of the wall was the same and an average taken of the bi-hourly values 
for conductance uncorrected for heat capacity, the result is 0.288 or a difference 


ho 


0.298 





in the two methods of 0.01. The actual per cent change or difference is x 


100 or 3.4 per cent, which is within the accuracy claimed for the meter. 
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Discussion of Results 


The variation in coefficients in Tables 2 and 3 is due to several variables including 
rate of change in mean temperature and actual mean temperature of the wall 
tested. 

When the temperature of the wall is changing, all of the heat that passes through 


TaBLeE 1. Heat TRANSMISSION DaTA 


PROJECT. DATE. CONSTRUCTION. 








C—Conductance—B.t.u. per sq. ft. per hour per deg. fahr. difference between surface 
temperatures. 

hg—Inside surface conductance—B.t.u. per sq. ft. per hour per deg. fahr. difference between 
inside air and surface temperatures. 

h,—Outside surface conductance—B.t.u. per sq. ft. per hour per deg. fahr. difference between 


outside air and surface temperatures. 


the meter does not pass completely through the wall. When the temperature of 
the wall is rising while heat is flowing outward, some of the heat measured by the 
meter is required to raise the temperature of the wall. Hence, some only enters 
the surface, while the remainder passes into the wall to greater depths. Only a 
portion of the total quantity of heat entering the meter leaves the cold side. It 
is obvious therefore that the outside surface coefficients should show considerable 
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variation with changing temperature, whereas the conductivity or conductance 
coefficient calculated from the heat measured must also be in error to a lesser 
degree. 

It is well. known that most materials show an increased conductivity with a 
higher mean temperature of the material, hence heat transmission coefficients 


DEVELOPED WITH NICHOLLS HEAT METER 


h,JU IN NS _| QUT CONDITIONS 
| 


U—tTransmittance—B.t.u. per sq. ft. per hour per deg. fahr. difference between inside and 
outside air temperatures. 
comp.>ame as U but computed from C, hy, h, in Table 1. 


t, Average temperature—deg. fahr. 


*—Value taken from A.S.H.&V.E. Gurpg or computed, 
t—Special cases, 


determined under varying temperature conditions must show a variation due to 
this cause. 

In order to observe any relation between rate of change in the mean temperature 
of the wall and conductance, all bi-hourly determinations on the north wall of the 
Schenley Apartments for January 11 to 19, 1927 are plotted in Fig. 16 against the 
rate of change in mean wall temperature. 
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The rate of change in mean temperature was determined by dividing the total 
change in temperature between two consecutive bi-hourly readings by the time 
elapsing and applying this rate of change to the time half-way between the two. 
When the temperature of the wall was rising, the rate of change was indicated 
as positive and while falling as negative. Although the individual points show 
great variation there is an unmistakable tendency to form a well-defined curve. 
The variations of the individual readings from this curve as drawn is much less 
pronounced than the variation in the magnitude of the individual determinations 
of the conductance coefficient. 

In order to see whether the individual readings throughout a test showed any 
relation to the mean temperature of the wall, the bi-hourly conductance coeffi- 
cients corrected for storage of heat in the wall due to change in temperature are 
plotted against mean temperature of the wall in Fig. 17. Again there is consider- 


TaBLe 2. Bri-Hourty VALUES For C, hi, ho, U. For WALL oF SCHENLEY APARTMENTS 











Time Cc h; h, U 
1am 0.26 1.64 1.01 0.18 
3 A.M 0.28 1.32 1.23 0.20 
5 aM 0.29 1.38 1.28 0.20 
7AM 0.30 1.39 1.30 0.21 
9 A.M 0.31 1.22 1.39 0.21 
11 am 0.33 1.35 os 0.25 
lpm 0.34 1.47 1.48 0.23 
3 P.M 0.35 sO 1.33 0.22 
5 P.M. 0.35 1.32 1.61 0.25 
7 P.M. 0.32 1.09 1.30 0.21 
9 P.M. : 1.10 3.33 0.18 
12 p.m. 0.30 ea 1.23 0.22 

Average 0.31 1.31 1.30 0.21 





able variation in the individual values. There is, however, an apparent tendency 
toward a curve sloping downward to the left. The curve as drawn indicates an 
increase in the conductance coefficient of '/1 B.t.u./per sq. ft./per hour/per degree 
temperature difference for a mean temperature rise of 7.0 deg. fahr. 

Because of this change in the transfer coefficients with temperature it is usual 
to express such coefficients for some definite temperature of the wall. The Code 
of the American Society oF HeaTING AND VENTILATING ENGINEERS for testing 
insulated walls specifies that such tests should be made with a mean wall tem- 
perature of 40 deg. fahr. 

In determining heat loss from buildings under winter conditions the temperature 
of the wall cannot be controlled, and the results given in this paper are for the 
particular mean wall temperatures which happen to pertain at the time. 

In determining heat transfer coefficients with the heat meter where the rate of 
flow and mean temperature of the wall depend upon natural weather conditions, 
results must be corrected for change in temperature of the wall unless data are 
collected over a period long enough to eliminate the effect of this error. As a 
rule it is possible in a test extending over three or four days to pick such a period 
that the mean temperature of the wall at the beginning and end are the same. 
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Results Tabulated 

The results presented in Tables 1 to 3 show the least variation in the conductance 
coefficients, a greater variation in the inside surface coefficients, and the greatest 
variation in the outside surface coefficients. These differences are inherent in 
the method of test. With any method of test it is more difficult to determine 
surface coefficients to the same degree of accuracy as it is to determine a conduc- 
tivity or conductance coefficient. 

With the meter method of test, natural conditions of weather and air motion 
pertain. Even near the inside surface there is present the natural convection 
currents which take place in normally occupied space; hence the variation in the 
inside surface coefficient ji. 

There is considerably greater variation in air currents and wind velocity as well 
as variation in sunshine and other radiation effects on the outside surface of a 
wall. One should expect a great variation in these coefficients determined under 


TABLE 3. DatLy VALUES FoR C, hi, ho, U. For WALL OF SCHENLEY APARTMENTS 











Date & h; h, U 
1-12-27 0.336 1.38 1.22 0.22 
1-13-27 0.365 1.45 1.70 0.25 
1-14-27 0.215 1.43 0.59 0.15 
1-15-27 0.244 1.47 1.08 0.18 
1-16-27 0.305 1.31 1.30 0.21 
1-17-27 0.378 1.40 1.96 0.26 
1-18-27 0.351 1.35 1.65 0.23 
1-19-27 0.251 1.06 1.24 0.20 
Average 0.306 1.36 1.34 0.21 





natural conditions. In calculating heat loss it is customary to apply different 
outside surface coefficients depending upon the wind velocity. Although it is 
possible to obtain rather definite outside surface coefficients under laboratory 
conditions when a definite air velocity over the surface is maintained, it is doubtful 
to what extent such coefficients apply under natural conditions. For instance, 
with a 15-mile wind, one may find from actual test a much smaller velocity than 
this near the surface of a wall depending upon the direction of impingement and 
other surrounding conditions. The very variation in the individual values for 
outside surface transmission as given in this report is of considerable value in 
indicating to what extent these values may be evaluated for different wind condi- 
tions. 


Data on Wind Collected 


Throughout the investigation at the Laboratory, observations on wind as given 
by the Weather Bureau and also as determined at various points near the wall 
tested have been recorded, with the hope that the various factors involved could 
be evaluated. So far, little or no direct correlation has been found. However, 
a more complete analysis will be made of the data already in hand, together with 
additional data to be collected with a view of solving this problem. It is hoped 
that it may be possible to differentiate between the different variables and arrive 
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at a practical method of determining outside surface coefficients with the meter 
under actual conditions. 

It has been shown that there is greater variation in the coefficients found for 
the two surfaces, particularly for the outer surface, than is found for conductance 
or conductivity. This is not as serious as one might assume without further 
consideration. The relative importance of the conductance or conductivity coeffi- 
cient and the inside and outside surface coefficients depends upon the total re- 
sistance which the wall offers to heat flow. The better insulated the wall the smaller 
the relative importance of the surface coefficients. In order to bring this fact out 
more clearly, Table 4 has been prepared. Three of the walls tested having total 
transmission coefficients ranging from 0.11 to 0.30 are considered. For each wall 
there is given the total transmission U as accepted in Table 1, as well as the ac- 
cepted values for conductance and inside and outside surface coefficients. There 
are given in addition three other values of U, respectively, based upon a 10 per cent 


TaBLE 4. VarraTION IN U as AFFECTED By DEvIATION IN C, hi, h 














A d Values f Values of U Based Per Cent Decrease 
— vee ecm “aha tone 
c. & --, U ¢ h; h, C™ &-1 4, 
Westinghouse 
Insulated 0.15 0.89 0.92 0.1126 | 0.1040 0.1111 0.1112 | 7.64 1.33 1.24 
Schenley Apart- 
ments 0.30 1.30 1.44 0.2087 | 0.1935 0.2049 0.2051 | 7.28 1.82 1.72 
Webster Hall 0.48 1.60 1.60 0.3000 | 0.2805 0.2937 0.2937 | 6.50 2.10 2.10 











decrease in the magnitude of the accepted conductance, inside surface and outside 
surface coefficients. 

It will be observed that for the wall with U equal 0.11, the 10 per cent change in Ji, 
he and C effect changes of 7.6, 1.3 and 1.2 per cent in U while for the wall, U = 
0.30, the same per cent variations in the three coefficients give variations of 6.5, 
2.1, 2.1, respectively, in U. 


Computing Heat Transfer 


In estimating heat loss, the engineer bases his calculations on experience and 
accepted heat transmission coefficients. The question immediately arises as to 
what wall areas to use, particularly for small wall sections around windows. It 
is obvious that greater heat loss occurs through such sections of walls than for 
larger sections. Some of the walls tested shed light on this question. 

Referring to the factors for the wall of Hotel Schenley, conductance is given in 
Table 1 as 0.60. This value is too high, probably because of the position of the 
meter on a narrow strip of wall between a window and partition. 

Fig. 18 shows a section of the wall and the probable fanning out of the lines of 
heat flow to the larger outside surface extending from the center of the partition 
to the window sash. This no doubt accounts for the conductance of 0.60 which 
is about double the value found for a similar wall of larger area in the Schenley 
Apartments. 
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It is of interest to note the change in the maximum rate of heat loss and total 
heat loss for a 12-hour period, during a cold wave. During the study of the tile, 
brick veneer wall, a drop in the outside temperature occurred, followed by a gradual 
temperature rise. The depression in temperature continued over a 3-day period 
from January 13 to 16. The outside temperature, maximum rates of heat flow, 
total heat flow and per cent deviation are given in Table 5. 


It will be seen that the maximum measured rate of heat flow increased as the 
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outside temperature fell, but not as rapidly as the theoretical rate of flow found 
by multiplying the conductance of the wall by the temperature difference. As 
the outside temperature started to rise the measured rate of flow became greater 
than the theoretical rate. 

The difference is due to the lag in heat loss due to the heat capacity of the wall. 
The total heat loss over the 12-hour period as measured is less than the computed 
loss, based upon a continued maximum temperature difference over the entire 
period. This is a fact which is not always taken into account in estimating heat 
loss from buildings. . 
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Computed Values and Test Figures Check 

i Referring to Table 1 it is noted that coefficients are given for two walls differing 
; in construction only by a layer of 1'/:-in. corkboard insulation. The walls of 
these Westinghouse houses are of brick, hollow tile and plaster. A comparison 
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of the conductance for the insulated wall, as computed from the conductance of 
the uninsulated wall and the conductivity of corkboard, with the conductance 
derived from actual measurements affords a check on the application of the ac- 
cepted formula for calculating overall coefficients from conductivities of the com- 
ponent parts of the wall. 
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TABLE 5. COMPARISON OF MEASURED AND CoMPuTED Maximum AND Total HEaT 
FLows—ScHENLEY APARTMENTS 








Date, 1927 Jan.13 Jan.14 Jan.15 Jan. 16 
Lowest outside temperature 40 23 18 20 
Highest rate of heat flow (actual) 9.5 11.4 15.3 15.7 
Highest rate of heat flow (theoretical) 8.9 14.0 15.6 15.1 
Per cent of theoretical of actual rate of heat flow 93.7 122.1 102.0 96.1 
Total heat flow for 12 hr. eee 72.2 122.4 168.3 143.3 
Total heat flow for 12 hr. (theoretical) 106.7 168.0 187.2 153.6 
Per cent of theoretical of actual total heat flow 147.8 187.2 111.2 107.1 





Both walls had the same exposure, were of the same construction except that 
one was insulated with 11/2 in. of corkboard while the other was not, and simul- 
taneous observations were made on both. Considering corkboard as having a 
conductivity of 0.30 and computing the conductance of the insulated wall from 
the measured conductance of the uninsulated wall and the above conductivity for 
corkboard, it can be seen how well the computed conductance of the insulated 
wall agrees with the value actually obtained by measurement. The conductance 
for the uninsulated wall, as measured, is 0.45. The conductance for the insulated 
wall, as measured, is 0.15. The conductance for the insulated wall calculated by 
the accepted formula is 


1 
sae Se 
Ci K 
where C = conductance of the insulated wall 
C; = conductance of the uninsulated wall = 0.45 
K = conductivity of cork = 0.30 
d = thickness of cork = 1.5 inches. 
Substituting: 
1 
SRE Bia 
0.45 0.30 


The computed value checks the value determined by actual measurement very 
well. 

If one takes reliable values for conductivities of various building material and 
computes the conductances for the walls in Table 1, the results given in Table 6 
will be noted. The computed and measured conductances agree in most cases, 
the exceptions being concrete and walls of 4-in. brick, 5-in. tile and plaster. 

The conductance coefficients for concrete ranging from 2.05 to 1.66 as given in 
Table 1 are for a slab 8 in. thick, which is being studied in order to determine the 
effect of aging on conductivity of concrete. This study is being continued and will 
be made the subject of a later report. It should be noted here, however, that the 
conductance decreases slowly with aging. Although values for concrete given in 
Table 1 are highgr than usually given, they corroborate results obtained by other 
investigators. 
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TABLE 6. COMPARISON OF MEASURED AND COMPUTED CONDUCTANCES 
Mee- ok. 
Project Construction sured puted 
Bureau of Mines Ex- 
periment Station 2'/,-in. T. G. felt, */,-in. slate 0.36 0.37 
Plaster on wire netting, 13/; in. 1.64 1.68 
Bennett Lumber Co. Barrett 5-ply roofing, 13/,-in. pine 0.46 0.48 
8-in. double shell glazed tile 0.40 0.43 
Schenley Apartments 
partition 4-in. brick, 8-in. tile, plaster, paint 0.30 0.31 
Plaster, 3-in. pyrobar, plaster 0.87 0.88 
Gammons lunch room 4-in. brick, 8-in. backer-header tile, plaster 0.31 0.31 
Webster Hall 4-in. brick, 5-in. tile, plaster 0.48 0.38 
Laboratory 13-in. brick, plaster 0.28 0.30 
Hotel Schenley 4-in. brick, 8-in. tile, plaster 0.60 0.31 
Oliver Building 812 1!/:-in. terra-cotta, 19-in. brick, !/2-inch 
a” cement, 3-in. furring tile, plaster 0.19 0.19 
1 
Westinghouse insulated 
iling 4-in. brick, 5-in. tile, 11/2-in. cork, plaster 0.15 0.13 
2-in. corkboard, plaster 0.19 0.15 
Westinghouse uninsu- 
lated ceiling 4-in. brick, 5-in. tile, plaster 0.45 0.38 
Lath, plaster 2.48 2.00 
Laboratory 8-in. concrete slab, 1:2:4 mix g 458; 4.4 
Mine Safety Appliances 
Co. Tar roofing 1l-in. concrete, 4-in. cinders, 
1'/;-in. concrete 0.10 0.16 
Slag-covered roofing, 1*/,-in. T. G. 0.38 0.40 
W. A. Bode Co. Concrete tile, No. 30 paper, l-in. sheathing 0.33 0.35 
Laboratory 8-in. concrete slab No. 1, 1:2:4 mix 1.66 1.04 
8-in. concrete slab No. 2, 1:2:5 mix 2.05 0.78 
8-in. concrete slab No. 2, 1:2:5mix,27days 1.97 
8-in. concrete slab No. 2, 1:2:5 mix, 7ldays 1.90 
Clapboard, paper, sheathing, studding, 
lath, plaster, wall paper 0.28 0.27 





The conductances were computed according to the formula 


where C = conductance, 


1 
dy d; dy 





d = thickness in inches, 


K = conductivity. 


The conductivities for the various materials used in computing C are given in 


Table 7. 


Table 1 contains values for 4-in. brick, 5-in. tile and plaster obtained from five 
determinations on as many wall sections found in three different walls in two 
buildings. All these determinations check, indicating that the coefficients as- 
sumed in calculating the value given in Table 6 do not apply to the materials found 


in these walls. 


Summary and Conclusions 
1. Table 1 is presented giving the various coefficients found and conditions 
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for which they apply, for 44 sections of building construction of 19 different types. 
The values given were obtained from actual test on buildings in Pittsburgh and 
with a few exceptions check computed values for conductances. 

2... The conductance found by measurement for three walls containing hollow 
tile are higher than such coefficients computed from accepted values for conduc- 
tivity, indicating that such accepted values do not apply to the tile tested. 

3. The coefficients found by measurement for concrete are higher than those 
usually accepted. This, however, is in agreement with work of others and may 
be accredited to the fact that the sample tested had not aged sufficiently. 

4. Some aspects of heat loss are brought out for small wall sections between 
heavy partitions and windows, errors in computing heat loss by assuming maximum 
rates of heat flow due to maximum temperature differences as applying during 
the whole day, changing temperature and mean temperature of the wall, and for 
the comparison of conductance values derived by computation with those found 
by actual measurement. 


TABLE 7. CONDUCTIVITIES OF BUILDING MATERIALS 
Material 








Yellow pine sheathing 
Felt? 


Slate 

Plaster 

8-in. double shell tiles 
Brick i 
Brick (wet) 

Pyrobar 

5-in. tile 

Terra-cotta 

Cement 

3-in. tile* 

Corkboard 

Concrete 1:2:4 mix 
Concrete 1:2:5 mix 
Cinders 

Slag-covered roofing* 
Concrete tile 

Gypsum plaster 

Wood lath and plaster 


* For construction used. 
In most cases the above values were taken from the A.S.H.&V.E. Guipg, 1928. 
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HEAT TRANSFER THROUGH ROOFS UNDER 
SUMMER CONDITIONS 


By F. C. Hovucuten! anp C. G. F. Zosen,? Pirrssures, Pa. 
MEMBERS 


NCREASE in the practice of conditioning air in industrial and domestic build- 
ings makes the resistance to, and characteristics of heat flow through the roof 
of increasing importance to the engineer. The flow of heat into buildings in 

summer is fully as important as heat loss in winter and the accompanying rise in 
temperature in summer is more difficult to counteract than temperature fall in 
winter. 

This report gives heat transfer coefficients for three types of roof as determined 
by the Nicholls heat flow meter, characteristics of heat flow in summer, and the 
effect of radiation from the sun, radiation to the sky, condition of the roof surface 
and sprinkling with water. 


Types of Roofs Studied and Method Used 


One roof studied is of cinder-fill concrete construction in a four-story brick factory 
building of the Mine Safety Appliances Co. Fig. 1 shows the construction of the 
roof and space below. A complete record of the rate of heat flow and accompany- 
ing phenomena was made on three sections of the roof, over a period of 21 days from 
July 31 to August 19, 1927. 


Another roof is of slag and tar on five-ply roofing paper, laid on 1°/,-in. T and G 
sheathing. It is on a two-story brick factory building of the Mine Safety Ap- 
pliances Co: Fig. 2 shows details of construction and general characteristics of the 

space below. The study was made on one section of the roof with a single meter, 
over a period of 21 days from July 31 to August 19, 1927. 

Observations of heat transfer characteristics were taken on a concrete tile nae 
on a small one-story and attic real estate office of the W. A. Bode Co. Two meters 
recorded the heat flow through two sections of this roof and Fig. 3 shows the de- 
tails of construction of this roof and the space below. 

The Nicholls heat flow meter was used for determining the rate of heat flow and 
in each case the instrument was applied to the under side of the roof. Description, 
method of application and operation of this instrument are recorded in other 


1 Director, Rossa Laboratory, A.S.H.&V.E. 

2 Research Ph: 

Presented at t = Annual Meeting of the Amsrican Socigty or H&aTING AND VENTI- 
LATING ENGINEERS, West Baden, Ind., June, 1928. 
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Laboratory reports’ and will not be repeated here. The reliability of the meter as 
an instrument for indicating rate of heat flow, also its worth for determining con- 
ductance coefficients of walls has been amply demonstrated. Its application to 
the determination of inside and outside surface conductance coefficients and trans- 
mittance coefficients in the field, where temperature, wind and other natural 
phenomena are not controlled, have not, however, been satisfactorily demonstrated. 

An attempt is made in the analysis of the data presented in this report to arrive 
at a better understanding of the application of the heat-meter method in determin- 
ing these coefficients. 


Heat Flow Data 


Fig. 4 is a log of heat flow, temperatures and temperature differences found for a 
concrete tile roof over a period of 14 days from September 14 to September 27, 
1927. The study of this roof was continued through October 4. Two meters 
were used on two different sections of the roof. 


From September 14 to 18, inclusive, the section over one or both of the meters 
was sprinkled with water in order to determine its effect on heat flow. From 
September 23 to 29, inclusive, a determination was made of the effect of color and 
character of the surface on heat absorption, radiation and flow, by covering the 
sections of the roof over the two meters with black or white oilcloth. During the 
remainder of the investigation of this roof, data were collected under existing con- 
ditions. 

Fig. 5 shows more clearly the relation of heat flow to outside and inside air tem- 
perature for the sprinkled and unsprinkled sections of the roof. Fig. 6 gives simi- 
lar data for the effect of color and Fig. 7 gives data for a short period under con- 
ditions of normal flow. 


Heat flow through a slag-surfaced roof on the plant of the Mine Safety Appliances 
Co. was measured for 21 days from July 31 until August 19, 1927. Fig. 8 is a log of 
flow and temperature difference for a portion of this period, August 2 to 7, inclusive, 
where only one meter was used. During the same period, three meters were used 
to obtain the heat flow through a cinder-fill roof on an adjoining part of the same 
building, and Fig. 9 gives a log of the findings over a period of 6 days. For com- 
parison of results the heat-flow curve for the slag-surfaced roof during the same 
period is superimposed upon the curves for heat flows through the cinder-fill roof. 


An inspection, of the data presented in Figs. 4 to 9 impresses one with the fact 
that heat flow through a roof in summer is by no means a simple or continuous 
phenomena. Almost without exception there are two complete reversals of flow 
in each 24-hour period. The resultant flow in either direction, over a period of 
several days, is never large and may be in either direction—that is, to say, the heat 
flow into the building through the roof during the day is about equal to the heat 
flow out during the night. The maximum rate of heat flow inward during the day 
is much higher than the maximum rate of flow outward at night, but heat flows out 
over a greater part of the 24-hour period. 


The short duration of flow inward is striking and varies somewhat with the heat 


§ P. Nicholls, Mesowing Heat Transmission in a - Structure and a Heat Transmission 
Meter, TRANSACTIONS, A.S.H.& E., Vol. 30, 1924, pp. 65-104 

Carl Zobel, ites on Heat Flow throug Roof by Research Laboratory, Journal 
A.S.H.&V.E., Vol.’ 33, No. 5, May, 1927, pp. 309-325. 
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capacity and thermal resistance of the roof. For the concrete tile roof the average 


period of inward flow was 10 hours, while the maximum and minimum lengths of 
this period were 12 and 6 hours. For the slag-surfaced and cinder-fill roofs the 
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average maximum and minimum lengths of the inflow period were 10 hours and 15 
hours; 12 hours and 20 hours; and 5 hours and 7 hours, respectively. 


It will also be observed that in the case of the heavier and better insulated cinder- 
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fill roof, there is a greater lag between the temperature impulse or temperature 
difference causing flow and the resulting flow. The maximum rate of flow occurs 
later than the maximum temperature difference which causes the flow. For the 
concrete tile, the slag-surfaced and the cinder-fill roofs, respectively, the average lag 
of maximum heat flow behind maximum temperature differences are 2 hours, 3 
hours and 8 hours during the day, and 4 hours, 5 hours and 9 hours during the 


night. 
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Nomenclature and Computation of Coefficients 

The nomenclature in this report conforms to the standard terms tentatively 
adopted by Sub-committee C, of the Committee on Heat Transmission of the Na- 
tional Research Council. Fig. 10 shows where the observations defined below were 


made. 
to 


Ha 
Ha 
Tx, 
Atie 


Atec 
C 
hi 
ho 
U 
AC 
Ah, 
AU 
Cc 
hi 
ho 
U 


Ata, 


Ata, 
Atu 


Ata 


T. 
Tr, 


= Inside air temperature 

= Inside surface temperature 

= Outside surface temperature 

= Outside air temperature 

= Outside surface temperature over meter 

= Inside surface temperature in contact with meter 

= Differential E. M. F. across meter 

= Temperature of meter 

= Average rate of heat flow through meter B.t.u./sq. ft./hr. 

= Average rate of heat flow unaffected by meter B.t.u./sq. ft./hr. 

= Time of heat flow, hours 

= t,—t = Temperature difference between surfaces over meter deg. 

fahr. 
= t; — te = Temperature difference between surfaces without meter, 
deg. fahr. 

Apparent conductance B.t.u./sq. ft./hr./deg. fahr. difference between 
surfaces 

Inside surface conductance, B.t.u./sq. ft./hr./deg. fahr. difference 
between inside surface and inside air 

Apparent outside surface conductance B.t.u./sq. ft./hr./deg. fahr. 
difference between outside surface and outside air 

Apparent transmittance, B.t.u./sq. ft./hr./deg. fahr. difference be- 
tween outside surface and outside air 

Correction to apparent conductance for heat capacity 

Correction to apparent outside surface conductance for heat capacity 

Correction to apparent transmittance for heat capacity 

C+ AC = conductance, B.t.u./sq. ft./hr./deg. fahr. between sur- 

faces 
hi = inside surface conductance, B.t.u./sq. ft./hr./deg. fahr. 
between inside surface and air 


iouu Wi 


= h, + Ah, = outside surface conductance, B.t.u./sq. ft./hr./deg. 
fahr. between outside surface and air 

= U+ AU = transmittance, B.t.u./sq. ft./hr./deg. fahr. between air 
temperatures 

= te—ts 

= ti—-t 

= to—ts 

_ttt 





5} = Average temperature of construction 


= Time-interval for temperature difference for conductance, hours 
= Time-interval for temperature difference for inside surface conductance, 
hours 
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Ts, |= Time-interval for temperature difference for outside surface conduc- 
tance, hours 
Tv = Time-interval for temperature difference for transmittance, hours. 


Referring to the curves for September 20, 1927 in Fig. 7, the total heat flow is 
represented by the lower shaded area, and the total temperature head or impulse is 
represented by the upper shaded area. 

Total heat flow Hx Tz, = 44.67 B.t.u./sq. ft. 


Average rate of heat flow, H,, = 4.70 B.t.u./sq. ft./hr. 
Total temperature head or impulse, At;. x J’. = 169.3 deg. hours 





Average temperature head or impulse At;. = 23.5 deg. fahr. 
Atec = 26.3 
Ate 26.3 
H, -=Aa axa, = 4.70x 53.5 = 2-26 B.t.u./sq. ft./hour 
) = 5.26 
oo Sin aa 
Hn 5.26 _ 
a 
Ha 5.26 _ 
~~ Se eae 
Ha 5.26 
TS ae 
R, = Correction factor for heat capacity 
Ata = Change in average temperature of roof 


R, x Atm = 13.62 B.t.u./sq. ft. 
Rex Atm _ 13.62 
ac "a it. ma 


R, x Ate a 13.62 
” he ty a —217 
R, x Atm 13.62 


AU “tt” ma 


Aho = —0.06 





C = C+ AC = 0.20 + 0.08 = 0.28 B.t.u./sq. ft./hr./deg. fahr. surface 
to surface 

hy = h; = 0.96 B.t.u./sq. ft./hr./deg. fahr. surface to air 

ho =h. + Ah, = —0.32 — 0.06 = —0.38 B.t.u./sq. ft./hr./deg. fahr. 
surface to air 

U = U+ AU = 0.86 + 0.35 = 1.21 B.t.u./sq. ft./hr./deg. fahr. air to 
air 


Heat Flow Coefficients 


Table 1 gives the results of the study made of the heat flow through two sections 
of concrete tile roof. Results for flow inward during the day and outward during 
the night are given separately. Tables 2 and 3 give similar data for the slag- 
surfaced and cinder-fill roofs. 

For the concrete tile roof, the corrected values of C are in very close agreement; 
except for the values found prior to September 19 when the roof was wet, all sa 
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of C give an average of 0.32. The corrected values of C for the slag-surfaced roof 
give an average of 0.38. 

The inside surface conductance coefficient, h;, from day to day, shows a greater 
variation, since smaller temperature differences and greater variation in conditions 
due to air motion are involved. There seems to be a difference in magnitude of the 
values obtained for day and night. When the heat is flowing inward and down- 
ward from the surface to the air, h; is somewhat smaller than is the case when the 
transfer is upward from air to surface. 


The inside surface conductances for the concrete tile roof were found to be 1.13 at 
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night and 0.91 during the day. The cinder-fill roof shows a similar difference in 
these surface conductances for night and day. The average values of h; for the 
three roof sections are 0.47 for the day when heat was flowing in and 0.95 for the 
night when heat was flowing out. 

The results from the slag-surfaced roof do not show this marked effect. The 
inside surface conductance is practically the same for both day and night when the 
values obtained were 1.52 and 1.49 B.t.u./sq. ft./hour/deg. fahr. from surface to 
air. 

There was less air motion during the tests on the concrete tile roof than during 
the tests of the slag and cinder-fill roofs. 

The inside surface of the concrete tile roof was newly planed yellow pine un- 
painted, that of the slag-surfaced was grey painted planed wood, and the cinder-fill 
was white painted concrete which was exceptionally white and clean. The data in- 
clude a few high values of hi. 
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If averages are accepted for values obtained at night when heat was flowing up- 
ward from the air to the surface then the values of h; for the new planed yellow 
pine in the concrete tile roof, the grey painted wood in the slag-surfaced roof, and the 
clean white painted concrete in the cinder-fill roof are 1.13, 1.49 and 0.95 B.t.u./sq. 
ft./hour/deg.fahr. In Tae Gurpe the surface conductance coefficients are given as 
1.40 for wood and 0.93 for concrete, which values were probably determined for a 
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vertical wall where convection currents are much more effective in removing heat. 
It might be expected that values for a horizontal surface, such as the under side of 
the roof, would be less than for the same type of vertical surface. Again Taz GUIDE 
does not give inside surface conductances for painted surfaces which no doubt de- 
pend more upon the surface of the paint than what is under the paint. 


It would seem, therefore, that the values of 1.49 and 0.95 found for the horizontal 
surfaces of the dark grey painted wood in the slag-surfaced roof, and the white 
painted concrete in the cinder-fill roof should be accepted together with the 1.13 for 
the newly planed wood surfaces in the concrete tile roof. 

. It will be observed that values for outside surface conductances as found in 
Tables 1, 2, and 3.are very erratic for all types of roof tested. All day and night 
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values for the concrete tile roof, most values for the slag-surfaced roof, and all 
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values obtained during the day in the cinder-fill roof are negative. That is to say, 
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face to be at a temperature higher than the air above through which the heat had to 
pass. This is due to the fact that heat from the sun is transmitted largely 
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by radiation which does not greatly warm the air but does warm an absorbing roof 
surface. Of the heat which the roof receives by radiation some is given back to the 
air and the remainder is transmitted through the roof. 

Although negative outside surface conductances, ho, were to be expected during 
the day, it seemed paradoxical to find the same true at night. The negative value 
of h. found at night must be due to the surface of the roof losing heat to the sky or 
interstellar space at a greater rate than it is received by transmission through the 
roof from below. As a result, the temperature of the exterior surface falls below 
that of the air above. For a roof with high heat capacity, like the cinder-fill roof, 
the temperature of the roof surface does not fall below that of the air over it for a 


TABLE 2. Heat TRANSFER COKBFFICIENTS FOR SLAG-SURFACED Roor 
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sufficient part of the night to give a negative value. The observed positive value 
must, however, be reduced in magnitude due to radiation. 

It is obvious that a correct outside surface conductance cannot be obtained under 
natural conditions in summer. It seems equally true, however, that true outside 
surface conductances obtained by elimination of such radiation can mean nothing 
when applied to a roof or other surface affected by such radiation. 

Since transmittance, U, depends upon hg, it likewise defies evaluating under con- 
ditions found in these tests. 


Radiation from the Roof at Night 


It is of interest to attempt an explanation of the negative exterior surface con- 
ductance coefficient found at night. Heat is flowing from the interior of the build- 
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ing to the outside, and is dissipated to or through the air above. The roof surface 
becomes cooler than the outside air, making the exterior surface conductance as 
measured, negative. The apparent paradox is the loss of heat from the exterior 
surface to or through air which is at a higher temperature. This is due to radiation 
of heat from the roof surface to interstellar space. The factor effecting this trans- 
fer is the difference between the fourth powers of the absolute temperatures of the 
roof surface and the sky which is generally assumed to be absolute zero. 

In reverting to the C. G. 8. system of units which is more convenient for dealing 
with radiant energy, it is found that 1 B.t.u./sq. ft./hour is equal to 0.0000754 
calories/sq.cm./second. For the concrete tile the maximum heat flow through the 


TABLE 4. COMPARISON OF THE EFFECTS OF BLACK AND WHITE OILCLOTH ON H#AT 
Frow. Concrete TILE Roor 
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roof at night was 4 B.t.u./sq. ft./hour. Since the outside surface of the roof was 
cooler than the air above, heat was at the same time flowing to the surface from the 
air at a rate equal to about 3.08 times the temperature difference between the air 
and the surface which was about 5 deg. fahr. This gives a heat flow to the roof 
from the air of 15.4 B.t.u./sq. ft./hour and a total loss by radiation to space of 
19.4 B.t.u./sq. ft./hour or 0.00146 calories/sq. cm./sec. The simple radiation. 
formula H = ; x Axoxt (0; — 62) was used to compute the heat lost by radiation. 

H = heat radiated in calories 

c = radiation constant — 5.72 x 10-* ergs/sec./em.*/(@} — 64) 

c= emissivity. In this case equal about 0. 5 

A = area incm.* = 1 

t = time in seconds = 1 

J = 4,183 x 10’ 














430 Transactions AMERICAN Society oF HEATING AND VENTILATING ENGINEERS 


©, = absolute temperature of roof surface deg. cent. 
0, = absolute temperature of space 


Under the condition of the test the temperature of the surface ©; was about 50 


Tass 5. Errect of SPRINKLING ON Heat FLow THROUGH CONCRETE TILE Roor 





CONCRETE TILE ROOF 


Sepr. 14, 1927. Sept.15,1927 
DAY _ DAY 
DRY WET DRY WET 
Toran Heat Frow 36.50 3.80 5850 370 
Maximum HEAT Fiow 650 490 9/o 430 
Maximum Ovrsioe 
Sverace Terperatvnne 86 /09°F 66°F /33°F 65°F 
Maximum InsiDEe - 
guesses’ verapenavune eer Sor 95 °F ofr 
mM. «, 
oy Yr " Uewanrure 64°F 64°F 63°F ear 
Maximum Ovursive e 
Ain TEMPERATURE 87°F 67 WF WF 
Re.ative Humioity 99 7° 
PERCENT SUNSHINE 60% Sun 100% Sun 
CHARACTER OF DAY CLouoy CLEAR 
NIGHT NIGHT 
Tora. Heat Frow “14.68 -19.8 “176 -31.6 
Maximum Heat Frow -1L4 “1.6 “1.6 -2.1 
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Surrace Tempenatvac 67°F 69°F 73°F 66°F 
Miuamun Insipe 
Sumrace Temperature 73°F 73°F 75°F 75 F 
m Insioe 
Mam Terrenatune 79°F 73°F 16 F 76°F 
ee his «=| (MY 4 OF 70°F 
Revative Humiorry 69 66 
CHARACTER OF DAY PARTLY CLOUDY CLEAR 


Net Heat Flow for 
Approximatery 24Hrs. *217 - 16.0 *40.7 


-26.1 
RATE Or SPrnmuine 0.05 Gar. /SaFr/HR. 





deg. fahr. or 283 deg. cent. absolute. The temperature of interstellar space 62 
is generally assumed to be absolute zero with a clear sky. Hence, 


5.72 x 10-§ vee 
H 4183 x jor X05 x 1x1 (2834 — 04) 
= 1.367 x 10-'* x 0.5 x 7.214 x 10° 
= 4.93 x 10-* or 0.00493 calories/cm.?/nec. 


or the theoretical loss based upon the above assumption is between two and three 
times the actual loss, This difference can easily be taken care of by error in the 
assumption of absolute zero for the sky, and by the fact that the sky was not en- 
tirely visible due to intervening buildings and other obstructions. It would seem, 
therefore, that radiation may account for the negative surface conductance found. 


Effect of Surface Color on Heat Absorption and Transfer 


The curves in Fig. 6 and the values in Table 4 illustrate the differences in heat 
flow through the cement tile roof when different colored coverings are placed 
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thereon. Weather and test results limit the results for comparison to September 
24 to 28. On September 26 the position of the black and the white oilcloth were to 
be interchanged early in the morning. Due to the misunderstanding, the observer 
did not make the change until late in the forenoon, after a Jarge part of the sun’s 
effect had already been felt. 

The data for September 24 are not convincing as to whether the plain roof or the 
roof covered with black oilcloth absorbs more heat. The maximum rate of ab- 
sorption is unquestionably higher for the plain roof. The total heat flow for the 


TABLE 6. COMPARISON OF MEASURED AND ComMPUTED Maximum AND ToTaL HzEatT- 
FLows—ConcrevTE TILE Roor 


CONCRETE TILE ROOF - W.A. BODE Co. 
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day, however, is greater in the case of the black covered roof. There is no available 
explanation for the conflicting evidence. It should be noted that the addition of 
the black oilcloth adds to the insulation of the roof besides its possible effect in in- 
creasing heat absorption at the surface. 

Table 4 indicates that the maximum temperature of the roof surface under the 
black oilcloth was a little lower than the maximum surface temperature of the bare 
roof. 


The curves in Fig. 6 and the data in Table 4 show very strikingly the relative 
absorption of the black and the white oilcloth. This comparison is made perhaps 
more strikingly in the diagrammatic sketch, Fig.11. Not only is the heat flow from 
the sun to the surface of the roof under the black oilcloth more than double the flow 
through the white oilcloth, but this greater flow through the black oilcloth takes 
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place to a surface which was 32 deg. higher than that of the surface under the 
white oilcloth; the maximum temperature of the surface under the black oilcloth 
being 123 deg. fahr. while that under the white oilcloth was only 91 deg. fahr. The 
temperature drop through the roof itself is about proportional to the flow, being 
13 deg. under the white oilcloth, and 41 deg. under the black, giving maximum in- 
side surface temperatures of 82 deg. fahr. and 78 deg. fahr. under the black and 
the white oilcloth, respectively. 

It will be further observed from the curves of Fig. 6 that during a considerable 
part of the day heat was flowing out through the white oilcloth while it was flowing 
in through the black oilcloth only a few feet distant. 

What effect the application of the white oilcloth to the entire roof would have 
upon the temperature within cannot accurately be predicted from the data available. 

The data for September 27 shows a comparison of flow through the plain roof 
and the roof covered with white oilcloth. The white oilcloth considerably re- 
duces the flow from that passing through the plain roof, and the data for this day 
taken in comparison with that of September 24 prove that the plain roof acts in its 
radiation absorption qualities much more nearly like the black than it did like the 
white oilcloth. A good reflector is a poor radiation absorber. 

The data for September 28 show the comparison of absorbing qualities of dull 
black and shiny black oilcloth, the dull black showing greater absorption than the 
shiny black covering. 

The effect of the colors upon heat loss at night is not as pronounced as their effect 
on adsorption during the day. This is largely due to the total rate of heat transfer 
not being as great at night as during theday. The data for September 25, however, 
indicate rather clearly that the black surface loses heat to space more rapidly at 
night than does the white which is in agreement with the recognized physical law 
that a good radiation absorber is also a good radiation emitter. 


Effect of Sprinkling on Heat Absorption by and Transmission through a Roof 


The curves in Fig. 5 and the data in Table 5 show the very great effect which 
sprinkling can have on heat absorption by and transmission through a roof. 

On September 14, 15, 16 and 18 a section of roof over one of the meters was 
sprinkled. On September 18 the entire roof was sprinkled ard it was hoped that 
information could be gathered on the resultant temperature in the building. A 
marked change in weather and a shower of rain made such a comparison impossible, 
and unfortunately it was not possible to repeat the test later. The study, therefore, 
only avails information on the relative rate of heat absorption and transmission. 
The resultant inside temperature due to sprinkling the entire roof can only be had 
therefrom by deduction. 

The curves in Fig. 5 show very strikingly the effect of sprinkling on the maximum 
rate of flow and on the total heat flow through the roof. Table 5 gives a direct 
comparison of numerical values for September 14 and 15. September 14 was cooler 
than the 15th, the air temperature being only 89 deg. fahr. on the former and 91 deg. 
on the latter date. The relative humidity on the 15th was, however, much lower. 

The total heat flow into the building through the dry roof was 36.5 B.t.u./sq. ft. 
on the 14th and 58.5 B.t.u./sq. ft. on the 15th. Through the wet roof the total 
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heat flow was 3.8 and 3.7 B.t.u./sq. ft. for these two days. The maximum rate of 
flow gives a similar comparison. The fact that while the heat flow through the dry 
roof responded to the higher temperature on the 15th, while the heat flow through 
the wet roof was actually lower on the warmer day, is very striking, but can be ex- 
plained by the fact that the relative humidity was lower on the hotter day resulting 
in the cooling of the wet roof by evaporation. 

During the night when the heat flow was outward there was a greater rate of heat 
loss through the wet roof. The net effect for the 24-hour period was an inward flow 
of 21.7 and 40.7 B.t.u./sq. ft. for the 14th and 15th, respectively, for the dry roof, 
and an outward flow of 16 and 28 B.t.u./sq. ft. for these two days through the 
wet roof. 

A comparison of the maximum inside surface temperature under the dry and 
sprinkled sections is the best index of the effect of sprinkling on resulting inside 
temperature. On the 15th the maximum inside surface temperature under the dry 
section of roof was 95 deg. fahr. and that under the sprinkled section 84 deg. fahr. 

While there may be much objection to cooling a building in summer by sprinkling 
a roof, these results indicate considerable possibility in this direction. 

On the 15th, 58.5 B.t.u./sq. ft. flowed in through the dry roof during approxi- 
mately 10 hours while only 3.7 B.t.u./sq. ft. flowed in through the wet roof. 

In reality there was an actual resultant outflow of 54.8 B.t.u. during this 10 hours. 
Accepting 3.7 as the inflow during the 10-hour period, the reduction by sprinkling 
was 54.8 B.t.u./sq. ft. This was accomplished by the use of 0.50 gal. of water/sq. ft. 
for the 10-hour period, which could no doubt be reduced by efficient spray design. 
The cost of water for reducing heat flow into the building is $2.93 per million B.t.u. 
based upon water cost at 24 cents per 100 cu. ft. This may be compared with $1.25 
per ton of refrigeration or $4.35 per million B.t.u. absorption in the building by 
mechanical refrigeration. 


Application of Heat Transmission Coefficients 


One must exercise caution in applying any accepted heat transmission constants 
for determining total heat flow over a period of time when temperature conditions 
are varying. This is especially true when one tries to calculate the probable heat 
absorption of a building over a period of time in summer when there is a rapid and 
wide variation in rate of flow from hour to hour. Table 6 helps to demonstrate 
some of the errors which one might make. Columns B, C and E give, respectively, 
the average conductance, the daily maximum rate of flow and the total daily flow 
through the concrete tile roof as measured during the test. Column D shows a 
computed maximum daily rate of flow as given by the product of the maximum dif- 
ference and the accepted conductance. The computed value is almost always high. 
This is because the maximum flow lags behind the maximum temperature difference 
and never equals the value, which would occur were the maximum temperature 
difference maintained over an extended period. When a maximum temperature 
difference either in hot or cold weather is experienced for a short period of time the 
rate of heat gain or loss will never equal the value computed by multiplying the 
maximum temperature difference by the accepted coefficient. 

Column F shows an error in calculating heat flow which is obvious but which is 
sometimes made. The heat flow over the 10-hour period (10 hours is found to be 
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approximately the time over which heat flows into a building on a hot summer day) 
is estimated by multiplying together the accepted conductance value, the maximum 
temperature difference and the number of hours over which flow is experienced. 
This value is always higher than the actual heat flow as measured experimentally 
and given in Column E. 


Conclusions 


1. Although there is considerable difficulty in evaluating heat transmission 
coefficients from data collected by the Nicholls’ heat flow meter when temperature 
conditions fluctuate rapidly, some of the values can be satisfactorily determined. 


(a) ‘The inside surface conductances can be evaluated to as high a degree of 
accuracy as any accepted value can be applied. 

(6) The conductance can be evaluated by correcting for the heat capacity of the 
roof in cases where the lag between maximum temperature difference and maximum 
heat flow is not greater than five hours. 

(c) The outside surface conductance is found to be negative while the sun is 
shining in hot weather and is frequently negative during the night in summer. It is 
difficult, therefore, to evaluate this constant in summer, but it is equally true that any 
accepted value cannot be satisfactorily applied. 

(d) Since transmittance, U, depends upon the outside surface conductance, there 
is the same difficulty in evaluating it from data collected in summer. 


2. Heat absorbed by and transmitted through a roof can be considerably re- 
duced by painting or covering the surface with a reflecting surface. 


3. Heat absorption and flow through a roof can be greatly decreased by sprink- 
ling the roof with water. 


JOINT DISCUSSION 


Coefficients of Heat Transfer as Measured under Natural 
Weather Conditions 


and 
Heat Transfer through Roofs under Summer Conditions 


Tuomas CHESTER (WRITTEN): This paper on heat transfer through roofs under 
summer conditions is a very interesting paper and its authors are entitled to a 
great deal of credit for some painstaking work characteristic of the Research Labo- 
ratory. 

The principal inference to be drawn from the paper is the great amount of solar 
heat transmitted through roof surfaces and the way in which this outstanding 
factor militating against comfort in summer has been generally disregarded. 

Table 6 shows a measured inward heat flow slightly over 10 B.t.u. per square 
foot per hour on October 1, when the sun is considerably below its maximum rise 
above the horizon. The amount of heat received per square foot of horizontal 
roof surface per hour is probably directly proportional to the sine of the angle of the 
elevation of the sun. From this it is apparent that the heat received per square 
foot of roof surface per hour will be more than 10 B.t.u. on June 21 and also during 











YLIM 


Jornt Discussion ON Heat TRANSFER 435 
July, when the »tmospheric temperature is high and less heat can be dissipated by 
convection to air flowing over the roof. 

Fortunately for human comfort the force of gravity operates in our favor, as the 
air heated by contact with the interior roof surfaces will stratify and remain as 
far as possible above the floor level. In consequence this air should not be disturbed 
by any ventilating system to the extent of forcing it to a lower level, though it 
should be removed as rapidly as possible by roof ventilators or extraction fans. 

The difference between the effects of black and white roof surfaces is indicated 
very strikingly on p. 429, the white showing a temperature reduction of 32 degrees 
for the roof surface under the oilcloth and this was during September. 

From experiments made by others it has been shown that a one-story building 
painted black will reach an interior temperature as much as 35 degrees in excess 
of the same building painted white. 

Investigations made by Dr. C. W. Graham to determine the effects of clothing 
of different types and colors showed that hottest is black cotton lining and the cool- 
est is new white cotton drilling. The difference in temperatures of thermometers 
laid under these fabrics was 32.6 deg. in favor of the white material. 

Very few concerns pay any attention to the matter of reducing solar heat re- 
ceived through roofs and walls but I do happen to know of a match factory at Wads- 
worth, O., a boiler plant at Beaver Falls, Pa., and an artificial silk mill at Cumber- 
land, Md., where white oil paint and water resisting whitewash are used for this 
purpose. 

The Research Laboratory should investigate this subject further as soon as con- 
venient and get data on other types of roofs including a 2-in. plank roof with three- 
ply cover. The information so obtained should be summarized in tabular form 
for the convenient use of members of this Society. 


Lez Nussaum (Written): The paper on heat transfer through roofs under 
summer conditions is a very interesting paper and bears out fully the writer’s con- 
tention regarding the advantage of insulating all buildings whether factory or resi- 
dence against heat and cold. There is no question about the savings to be ob- 
tained by so doing. 

This paper brings out the fact that roofs even with a slightly better insulation 
retard the heat flow through the roof. An interesting point brought out also is 
the night heat flow outward through the roof; but this can be accounted for by 
the fact that the heat of the sun during the day has been conducted through the 
roof and into the roof space and at night time when the outside air is cooler the 
heat, naturally, in the roof space will flow out through the roof. If the roof was 
properly insulated the heat flow meter would show very little inflow in day time or 
outflow at night time. The temperature of the sun being so much greater than the 
surrounding atmosphere, the amount of heat flow would be much greater on a sun- 
shiny day than a cloudy day. 

The suggestion to decrease the heat flow by sprinkling the roof we consider a 
good one because of the existing consideration or where it would be impossible to 
insulate the roof, but the much better arrangement is to insulate the roof as there 
is only the first cost of insulation whereas the sprinkling of a roof involves continu- 
ous cost and is only a makeshift. 
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The paper is very instructive and interesting and to the writer’s mind certainly 
brings forward more forcibly the idea of insulating buildings. 


L. A. Harpine: I think the Society ought to express its thanks and apprecia- 
tion to the Research Staff for these two fine papers. The paper presented on Heat 
Transfer through Roofs under Summer Conditions is a pioneer paper, the first, 
I believe, of its kind that has appeared before any engineering society, and it 
is particularly interesting to those engaged in air conditioning work. Those who 
are interested in this work should give this paper careful study. Several things 
will be found that will be helpful in calculating on the heat transfer through roofs 
in summer. 

One thing which these tests have brought out is that if the heat capacity of the 
roof is large, it is perfectly safe to employ the usual methods of calculation. 


The first paper that was presented, giving the comparisons of the computed 
and actual heat transmissions found on walls: the reason for that paper is this: 
about 15 years ago when we first started to present heat transmission data to this 
Society, said that was all right, but they wanted to take it with a grain of salt; 
college professors could do a lot of figuring and all that sort of thing, but we don’t 
know whether the actual heat transmission of the wall is twenty-five hundredths 
or something else. 

Those tests were run under considerable expense to this Society. We have spent 
perhaps more on heat transmission than on any other sort of problem. Now, we 
see the results of those tests, and how near the actual results are to those calculated. 
There are 18 tests, leaving out the concrete test, only two of which are very much 
different from the calculated amounts. 

Now, it costs a lot of money to run these tests, and I, for one, am perfectly satis- 
fied that the tests run in laboratories giving the conductivity of various materials 
is the proper method, and it is entirely unnecessary to spend more money checking 
the conductivity of materials in compound walls. 

There is one bit of data we are short, and little work has been done for the past 
13 years. That is surface factor data, and I think the Laboratory staff should do 
some work on that in the near future. These tests are quite as important as the 
conductivity tests. 


H. P. Res: I didn’t understand from Mr. Houghten what the reason was for 
the testing with a wet and dry roof, and why it was done on the tile roof and not 
done on the slag-filled roofs. He did remark that there was no effort made to 
control the rate of moisture or water flow on those roofs. Had there been such a 
control I think he would have found considerable difference. For instance, had 
that spray been so controlled that evaporation would have kept the roof dry he 
would have found under the sun conditions an outflow of heat from the building 
rather than inflow. 

I have known of tests conducted in the tropics where the room was cooled be- 
low atmospheric temperature by controlling the spray rate on the roof to the 
rate of evaporation. 

The second question I wish to ask is what was the significance of the white and 
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the black oilcloth? Was that looking forward to a possible painting or coating of the 
roof? If so, what type of paints would be suggested for further investigation? 

Along that line I would like to suggest the investigation to go forward on any of 
these types of roof with aluminum paints. Not that I am in any way connected 
with any aluminum paints, excepting that we have found in much of our work 
that aluminum paints over metal shells will greatly reduce the heat transfer both 
ways. 

Then, as to the slag-fill on the roof: I am not familiar with these roofs, but what 
type of slag was used for a fill? Was that an air-cooled slag, crushed, or was it 
a granulated slag, water-quenched? The granulated slag, water-quenched, is a 
much more effective insulator than the crushed slag. 


L. L. Lewis: I would like to add the deep appreciation of a man who has spent 
all of his life in air conditioning. 

In air conditioning we have dealt very largely with the reverse of the heating 
problem. We have had to cool in summer and to absorb among other sources of 
heat, the heat coming from the sun. Just as the Research Bureau gave us the 
comfort chart, so they now have confirmed an experience of long standing that the 
actual coefficients did not indicate the actual rate of heat inflow. 

We knew from tests that were made on systems that the actual inflow of heat 
from the-sun was not as great as the calculations showed it should be. So we have 
followed our own empirical rules to apply some correcting factor for the heat ca- 
pacity of the roof. 

I have not had an opportunity to check back, but I know very well that Mr. 
Houghten has given us some data which will enable us to get very close to the actual 
conditions. 

I would like to ask one question. Has any attempt been made to determine 
the effect of varying the temperature of the spray water? That may throw some 
light on an interesting problem as to the disposition of the water used for condens- 
ing in refrigerating installations. In some cases the water is purchased for con- 
densing, and having been heated must be disposed of. We have had some little 
experience in installations of that kind, and believe that we have been gaining 
by wetting the roof with warmed water. 

In another case the most convenient place for the cooling pond for condensing 
water is on the roof. There has been some question as to what temperatures 
could be reached before the water would heat, rather than to cool the roof. 


F. C. Hoveuten: The filled roof reported was a cinder filled and not a slag filled 
construction. The slag roof consisted of tongue and groove sheathing covered 
with a roofing paper, tar and fine granular slag. 

The real purpose of the investigation with the Nicholl’s Heat Flow Meter was 
to develop heat transfer coefficients as reported in the paper, ‘Coefficients of Heat 
Transfer as Measured under Natural Weather Conditions.” The reason for sprink- 
ling roofs and covering them with surfaces of different color and reflecting power 
was to determine the magnitude of the effect on heat transfer and the possibility 
of decreasing heat flow into a building. 

The water used in sprinkling was about 68 deg. and as pointed out in the paper, 
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little effort was made to control the rate of sprinkling. As indicated by Mr. Reid 
the effect of rate of sprinkling may be important and under certain conditions 
greater cooling might be had by using less water. This, however, depends upon 
both the wet- and dry-bulb temperature of the air and the temperature of the water. 
If the air is very dry, as in arid districts of the West, the use of less water so that 
it will not drip off the roof might result in a temperature of the roof surface 
below that of either the air or the water used for sprinkling. The temperature of 
the surface of the roof would tend to fall to the wet-bulb temperature of the air. 
There is possibility of accomplishing a good deal through further study of the effect 
of methods of sprinkling a roof on maximum cooling and economy in use of water. 

Black and white oilcloth were used as coverings in this study for the reason that 
an earlier investigation of the subject at Pittsburgh showed that they apparently 
gave the greatest contrast in reflecting heat. In an earlier laboratory report, there 
is some data on the relative effect of black and white oilcloth, black and white silk, 
aluminum painted surfaces and a bare slate roof. Aluminum paint was shown 
by these tests to greatly reduce the heat absorbed by a roof. 
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No. 811 
HEAT TRANSMISSION RESEARCH 


By F. B. Rowiter! (Member), F. M. Morris? anp A. B. Ataren* (Non-Members) 


MINNEAPOLIS, MINN. 


OR several years past experimental work has been in progress in the Engi- 
neering Experiment Station at the University of Minnesota relative to the 
flow of heat through building and insulating materials. These experiments 

have been directed to the development of apparatus and the testing of built-up 
wall sections and insulating materials. Results have been published from time 
to time in the American Socrery or HzatTine AND VENTILATING ENGINEERS 
JOURNAL, and other technical papers as well as in Bulletin No. 3 of the Engineering 
Experiment Station. 


During the past year this work has been conducted as a cooperative research 
project between the AMERICAN Socrety or HEATING AND VENTILATING ENGINEERS 
and the University of Minnesota, the expense being shared jointly by the two insti- 
tutions. The object has been to refine the test methods; to make a more ex- 
haustive series of tests covering both built-up wall sections and insulating materials, 
and to determine accurately the relation between the results obtained by different 
test methods. 


There are at least three well known methods for determining heat transfer through 
materials, the hot plate method, the hot box method and the Nicholls Heat Meter. 
These methods need no extended discussion at this time as the basic principles 
of each are generally understood. Thus far this work has been confined to work 
with the hot plate and the hot box. 


The fundamental difference between the constants derived by the two methods 
is that for those derived by the hot box method and the Nicholls Heat Meter, the 
so-called surface resistances of the materials are included; whereas in the hot plate 
constants they are eliminated. The first two being better adapted for determining 
the heat transmission through built-up wall sections and the hot plate for deter- 
mining the conductivity of homogeneous materials. With a proper knowledge of 


1 Professor of Mechanical Engi ing and Director of Experimental Engineering Laboratories, 
University of Minnesota, Minneapolis, Minn, 
x aeent Director of Experimental Engineering Laboratories, University of Minnesota, Minne- 
apolis, Minn. 
* Research Assistant, University of Minnesota, Minneapolis, Minn. 
The results of cooperative research between the University of Minnesota and the AMERICAN 
or HEATING AND VENTILATING ENGINEERS. 
ted at the Semi-Annual Meeting of the American Society oF HEATING AND VENTILAT- 
inc Enoingers, West Baden, Ind., June, 192 
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surface constants for a material, it should be possible to calculate the trans- 
mission from air to air from the conductivity of the material or from the hot plate 
constant. Likewise the hot plate constant should be easily determined by the 
other methods providing the surface temperatures can be correctly taken. Formu- 
lae for the conversion from one constant to the others have been developed and 
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are well known but in practice the application of these formulae do not always give 
comparable results. This disagreement seems to be due to the lack of knowledge 
of proper surface constants to be used in connection with the hot plate conduc- 
tivities. Many variables enter into the problem and only by a careful control of 
these variables when the constants are derived can the results be applied with 
any degree of certainty. 

With these general problems in view, a series of tests has been outlined with the 
following objectives: 

a. To determine practical heat transmission constants for the different wall 
sections in common use 
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b. To determine the surface constants of materials under different conditions 
of surfaces, air temperature, air motion and width of air space 

ce. To work out the proper relation between the hot box and hot plate results, 
such that one may be derived from the other. 

The series of walls to be tested includes frame construction, brick, tile and con- 












































































































hs 
0 ore pen re 
° ° omo ° ° 
° ° 
‘Sdie: === aE 
— bs ° 
+m a 
> Thermost$t. ° ye 
— - ° 
. O °o 
> ar 
os JO" ° . 
7: * 7 
 -% ° ° 
an e ° ° 
; \ Leer | 
g we a mentees oan =: in all g 
[ “| 
ee B 
SECTION AA 


Showing Wall Section Removed 


Fic. 2. S&cTIONAL Vikw oF CoLp Room LOOKING INTO OPEN END or Tkst Box 


crete both with and without insulation, the aim being to cover typical walls of 
each type. 

Thus far tests have been conducted on something over twenty of those walls in 
common use and also many tests have been made on the common types of insulating 
materials. In making the wall tests, full data have been recorded concerning all 
materials used in the construction of the walls together with the hot plate constants 
for any insulating materials used. In several cases sufficient data have been taken 
to compare the constants determined by the hot plate method with those deter- 
mined by the hot box method. 

This paper is not intended as a complete report of the work as only part of it has 
been finished. Thus while the study of surface constants is in progress and some 
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of the results are reported here, the effect of wind velocity, thickness of air space 
and character of surface has yet not been determined. 
In the tests which have been made covering insulated and non-insulated walls, 
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it has not been the intention to compare different commercial insulating materials 
but rather to show what effect materials of given qualities will have on the ther- 
mal resistance of the wall. For this reason trade names have been omitted. Ineach 
case the material has been designated by a letter and classified as board, quilted, 
etc. The physical properties of the material are given as well as the insulating 
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value by the hot plate method. Other materials with similar properties may be 
substituted in the walls and the same conductivities obtained. The general descrip- 
tion of the materials as well as their specific properties for each wall in which they 
were used are given in Table 4. 

In so far as possible average commercial materials were selected, but as is well 





Fic. 5. Watt SECTION IN PLACE FoR TEST 


known many of these materials vary in thickness, density and conductivity. Due 
to this variation and also to the fact that two different walls built up after the same 
specification will not have identical thermal properties, small differences in the 
coefficient of transmission U cannot be taken as conclusive in comparing different 
materials unless such differences are obtained by more than one set of tests. 


It will be noted that in the majority of cases only one wall of each kind has been 
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tested; some of these will be duplicated as time permits. The variation in con- 
ductivity of walls of the same specifications is discussed later in this report. 
Description of Test Apparatus 


In making these tests both the hot box and hot plate apparatus have been used. 
Both conform substantially to the standards as given by the code for testing 
insulating materials by the A.S.H.&V.E. These have been previously described 
in the JournNaL, but as several refinements have been made and in previous de- 
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scriptions there seems to be omissions of some of the important details, the appara- 
tus will be described here. 


Hot Box Apparatus 


The hot box is of the double box construction built into one of the side walls 
of the cold storage room. This construction together with heating elements, 
thermocouples and instruments is shown in Figs. 1 to 7, inclusive. 

Referring to Figs. 1 and 2, Fig. 1 is a vertical cross sectional view of the double 
box with wall section in place. This shows the box as built into the side wall 
of a cold storage room. Fig. 2 shows a cross sectional view of the cold storage 
room and open end view of the box with the wall section removed. The wall 
under test is held in place by locking screws held by two vertical struts which are 
placed near the outer edges of the test specimen and, therefore do not interfere with 
the inside test area. Fig. 5 shows the wall clamped in place ready for test. The 
illustrations show the location of the eight heating elements used in the inner box 














Wiiaa 


Heat TRANSMISSION RESEARCH, RowLEy, Morris AND ALGREN 447 


and the like number in the outer box. The heating elements are distributed with 
the greatest number near the bottom. Each element is built up and wound with 
resistance wire such that four different rates of heating may be obtained from 
each element. 


In order to maintain uniform temperatures throughout the boxes, two 8-in. fans 
are installed in each box as shown. Those for the inner box are mounted on ball 
bearings and driven by an external motor at 240 revolutions per minute which is 
found sufficient to maintain uniform temperature over the test surface and still 
have practically still air. These fans have been calibrated to determine the fric- 
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tional heat generated by the bearings and the inside belt connecting the two. All 
of the current to the inner box is passed through a watt hour meter and the tem- 
peratures for both boxes are controlled by thermostats and relays. The location of 
the thermostats are shown in Figs. 1 and 2. 

The air temperatures on the cold side of the test specimen are maintained by 
a 7!/, ton ammonia compression refrigerating machine by direct expansion into 
1500 ft. of 1'/,-in. pipe in the coldroom. It was difficult to get accurate tempera- 
ture control by use of the expansion valves alone; therefore a small, thermostati- 
cally controlled heating unit was installed. The refrigerating machine was set 
to give temperatures slightly lower than required and the heating unit relied on 
for the control. 

Fig. 3 shows a diagram of the electrical wiring for the heating elements. The 
heating current is brought to the control switch and fuse block from which 
point the circuits are taken through relays to the inner and outer box heating 
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elements. These relays are controlled by thermostats as shown in the diagram 
and also in the photograph, Fig. 6. The distribution of the heating elements in 
the boxes is not indicated in the diagram. All of the current used to heat the inner 
box is passed through the meter. The amount of heat supplied by the fans is a 
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very small percentage and is taken care of by the correction factor obtained by 
calibrating the fans. 

All temperatures are measured by 24 gage copper constantan thermocouples 
and a Leeds and Northrup potentiometer. During the period that the test speci- 
men is being brought to constant temperature conditions, a recording potentiom- 
eter is used, but after the test is started, all readings are taken with a type K 
potentiometer. A diagram of the thermocouple wiring is shown in Fig. 4. The 
arrangement of the thermocouples is as follows: one group of five is used to measure 
the air temperature of the inner box. These are centrally located 2 in. from each 
inner surface. A second group of five couples each centrally located 2 in. from 





Fic. 12. Hor Piates as Set Up In EXPERIMENTAL ENGINEERING 
LABORATORIES 


the outer surface of the sides of the inner box is used to measure the air tem- 
perature between the two boxes. A third group of five couples is placed 6 in. from 
the test surface in the inner box. The cold room temperature is taken by a fourth 
series of four thermocouples placed 6 in. in front of the test wall opposite the inner 
hot box surface. Groups one and two are used to balance the temperatures be- 
tween the inner and outer test boxes, and groups three and four are used to determine 
the air temperatures on the hot and cold side of the wall. The thermometers are 
so arranged that their temperatures can be read separately or they can be read 
in groups as indicated by the diagram, that is, the average temperatures in the 
inner box, the average temperatures in the outer box or the average temperatures 
of the air on either side of the wall section may be taken by a single reading. Other 
thermocouples are used to determine surface temperatures of the test specimen or 
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any other temperatures required. The various groups of thermocouples are so 
arranged that they may be read either by the manually operated instruments or by 
the recorder. The temperatures that are above 32 deg. fahr. are taken by using 
an ice bath for the cold junction. Those temperatures which are below 32 deg. 
fahr., as in the cold room, are taken by using hot junctions of known temperature. 
The thermocouple wires are shown in the photograph of Fig. 7 as distributed 
throughout the outer and inner boxes. These thermocouples are brought out 
to the instrument board, Fig. 6, from which any of them may be connected to the 
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potentiometer by selective switches. The instrument board also supports the 
meter relays and switches for the electric heating current. 


Hot Plate Apparatus 


The hot plates used are shown in Figs. 8 to 12, inclusive. These plates are 
of the same general design as specified by the A.S.H.&V.E. Code for testing insu- 
lating materials but are shown in detail since there are several points in which they 
have been materially improved. Referring to Fig. 9, a cross-sectional view of the 
heating and cooling plates is shown at the left with an elevation of the cooling plate 
at the right. The plates are 12-in. square and the test plate proper is 9-in. square 
separated from the guard ring by a slot */s: in. wide. This slot is shown in Fig. 8. 
In order to eliminate the difficulty due to condensation on the outside of the cold 
plate the cooling chamber is insulated by an air space as shown. This prevents 
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the cold water from coming in contact with the outer plate. The outer section 
of the cooling plate is supported on the cooling plate proper by a non-conducting 
material as shown. The entire plate when built up for test is surrounded by an 
insulating shield shown in Fig. 8. 

The electric winding for the plate and guard ring is shown in Fig. 11. In this 
winding that portion used for the central or heating elements is entirely separated 
from the portion used for the guard ring. The copper plate of the central 
section is entirely separated from the copper plate of the guard ring by a */s--in. 
slot and the two parts of the plate are held in line by the asbestos bridges or con- 
nections A of Fig. 11. Thus these connections give the only possible chance for 
heat to travel from the inner winding to the outer winding and vice versa. There- 
fore the danger of error due to the transfer of heat between the guard ring and heat- 
ing plate is minimized. 

All connections both for electric heating wires and thermocouples are brought 
through the support at the back of the plate to a common panel from which 
connections are made to the instruments. These connections are shown diagram- 
matically in Fig. 10. The temperature is taken on each side of the hot plate 
by soldering a constantan wire to the center of the plate. The guard 
ring is balanced with the center plate by connecting a constantan wire between 
the two and then carrying copper leads from each the guard ring and the center 
plate to a galvanometer. The temperatures are mensured by a potentiometer 
and the electric input to the central section is measured. either by a wattmeter or 
by a voltmeter and ammeter. 

Fig. 12 is a photographic view of two plates as set up in the experimental labo- 
ratories for these tests. The potentiometer rheostats and electric instruments are 
shown in the table. The wall type of galvanometer used for balancing the guard 
ring is out of the range of the picture. 


Discussion of Hot Box Tests 


In making tests of the built-up wall sections it was the aim to get complete data 
covering all materials used. The thickness, density, construction and insulating 
value of all special insulating materials was carefully determined and in several of 
the tests thermocouples were placed in the surfaces of materials at each side of air 
spaces in order to get data as to the value of air spaces and surface constants. In 
taking surface temperatures the thermocouples were placed flush with the surface 
and the leads carried back a sufficient distance in contact with the surface to 
eliminate the effect of lead conduction on the registered temperature. The tem- 
peratures of rough irregular surfaces such as stucco were very difficult to obtain 
accurately. In each case the inner and outer surface temperatures of the walls 
were taken in order to calculate the surface constant. In the case of plastered or 
masonry walls the mortar was allowed to cure for at least three weeks before tests 
were made. All tests were made in as nearly as practical to still air conditions. 
After a wall was in place for test the proper air temperatures were maintained on 
both the hot and cold side of the wall until there was a thorough heat balance before 
any test data were taken. Conditions were then maintained uniform for 8 hours, 
readings being taken at 15-minute intervals. The constants were checked each 
hour. The following day a check test was run at least 5 hours in length. In 
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TaBLeE 1. RxEsuLTs oF Tests MADE TO DETERMINE COEFFICIENT OF TRANSMISSION 
U ror INNER Box 


Air Temperatures Fahrenheit 


Cold Inner Guard Temp. Guard Mean Temp. bax Drop’ Coefficient 
Room Hot Box Box Box above Test est of Heat 
Temp. Temp. Temp. Hot Box Sect. Sect Transmission 
-8 72.0 72.0 0 32.0 80.0 0.214 
—8.1 72.3 73.3 1.0 32.1 80.4 0.1958 
—7.0 72.3 74.6 2.6 32.7 79.3 0.1667 
—7.6 72.2 71.4 —0.8 32.3 79.8 0.2286 


the case of masonry walls it was found necessary to run under constant conditions 
for a longer period before starting tests, often two days were necessary. 


The readings taken throughout the tests were as follows: 


Temperatures of inner hot box 

Temperatures of outer hot box 

Temperature of air 6 inches from inner test surface 
Temperature of air 6 inches from outer test surface 
Temperature of inner wall surface 

Temperature of outer wall surface 

Other special surface temperatures when used for air spaces 
Electric current supplied to inner box heating elements. 


In the majority of tests the air temperatures were maintained at 80 deg. fahr. 
on the hot side and 0 deg. fahr. on the cold side of the walls, although tests were run 
at several different mean temperatures on part of the walls in order to get the 
effect of mean temperature on the coefficient of heat transmission. 


Discussion of Hot Plate Tests 

In making the hot plate tests the material was placed between the hot and cold 
plates in the usual manner, sufficient pressure was used to insure reasonable contact 
between the surfaces of the plates and the material. The thickness of the material 
was measured in the plate as tested. The heating current was adjusted to give 
the proper temperatures and the guard ring balanced. After temperatures had been 
maintained constant for a sufficient length of time to insure saturated conditions 
the final readings were taken. The readings taken were: 


Temperature of hot plate 
Temperature of cold plate 


TABLE 2. RESULTS OF TESTS MADE TO DETERMINE THE EFFECT OF MEAN TEMPERA- 
TURE ON THE COEFFICIENT OF TRANSMISSION U FoR WALL SECTIONS 


Wal Test Air Temp. Air Temp. Mean Coefficient 
No. No. High Side Low Side Temp. U 
8 367 72 —7.6 32.2 0.217 
8 373 72.2 —7.4 32.4 0.218 
8 374 119.5 72.7 96.1 0.274 
8 375 119.5 74.4 96.9 0.274 
8 376 119.5 2.4 60.9 0.238 
8 400 81.2 —0.35 40.4 0.226 
12 405 80.4 0 40.2 0.114 
12 406 80.3 —0.1 40.2 0.115 
12 421 80.6 —9.1 35.7 0.112 
12 423 123.8 —0.3 61.7 0.133 
12 424 123.8 71.7 97.7 0.160 
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Fic. 21. TEMPERATURE Drops AND CONDUCTIVITY CONSTANTS 
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Electric energy supplied to heating plate 
Thickness of material as tested. 


The standard test of insulating materials was made at 60 deg. fahr. mean tempera- 
ture and on a bone dry basis, other mean temperatures were however used to get 
mean temperature curves for the materials and the materials were also tested as 
received, in order to get the effect of moisture on the insulating value and to get the 
proper constants for checking the hot box results by calculation. 
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U.Coefficient of Transmission AirtoAir | 

C,-Conductivity Constant of Insulating Board B, Table i. 
-Conductivity Constant of Insulating Board’8, Table Iz. 
:- Temperature at /ocation of thermocouples. 

K,- Surface constant 

K,.Surface Constant. 

Ks:Surface Constant 

Ky Surface Constant 
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Calibrations of Apparatus 

All thermocouples for both the hot box and hot plate work were read in millivolts 
and converted into degrees fahrenheit by calibration curves for the various couples. 
These calibration curves were made by comparison with standard thermometers 
for the ranges used. The electric instruments in all cases were calibrated by a 
comparison with standards in the Electrical Engineering Laboratory at the Uni- 
versity. 

While it was the aim in all wall tests to keep the temperatures uniform in the 
inner and outer boxes of the hot box test apparatus, this was not always possible 
and some runs would show a slight variation between these temperatures. In 
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Figure 
Showing 
Wall Construc- 
o. tion 
7 16 
7a 16 
8 16 
10 16 
ll 16 
12 17 
14 17 
15 17 
16 17 
17 19 
18 19 
19 20 
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TaBLE 3. DESCRIPTION OF WALLS TESTED 


Frame 
same as 
Wall 8 


Frame 


Frame | 


Frame 


Frame 


Frame 


Frame 


Frame 


Frame 


Frame 


Frame 


Inside 
Surface 


*/s" gypsum pa- 
per on each side 


3/,” wood lath 
3/,” plaster 


3/.” wood lath 
3/,” plaster 


3/."” wood lath 
3/,” plaster 

| eee board 
3/,” plaster 


3/,” wood lath 
3/,” plaster 


3/," wood lath 
3/," plaster 


3/,” lath and 3/,” 
plaster 


3/," lath and */,” 
plaster 


3/,” lath and */,” 
plaster 


3/," lath and */,” 
plaster 


3/," lath and 3/,” 
plaster 


Outside 
Surface 
3/,” fir sheathing 
building paper 4” 
lap siding 


3/,” fir sheathing 
building paper 4” 
lap siding 


3/,” fir sheathing 
building paper 4” 
lap siding 


Insulating board 
B building paper 
4" lap siding 


Insulating board 
B building paper 
4" lap siding 


3/,” fir sheathing 
building paper 4” 
lap siding 


3/,” fir sheathing 
building paper 4” 
lap siding 


3/,” fir sheathing 
building paper 4” 
lap siding 


3/," fir sheathing 
building paper 4” 
lap siding 


3/,” fir sheathing 
building paper 4” 
lap siding 


3/," fir sheathing 


building paper 
metal and 
stucco 


3/," fir sheathing 
building paper 4” 
lap siding 


Special 
Insulation 


None 


None 


None 


None 


None 


Insulation C 
flanged midway 
in air space be- 
tween studding 


InsulationD 
flanged midway 
in air space be- 
tween studding 


Insulation£ 
flanged midway 
in air space be- 
tween studding 


Insulation C 
nailed on stud- 
ding under 
sheathing 


Insulation F 
34/2" thick 
poured between 
studding 


Insulation F 
34/." thick 
poured between 
studding 


InsulationA 
back against 
sheathing 
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20 Sameas Frame 


16 with- 
out build- 
ing paper 
ae | 18 8-inch 3- 
cell tile 
22 18 8-inch 3- 
cell tile 
23 20 Frame 
24 18 8-inch 3- 
cell tile 
25 20 Frame 
26 Frame 
28 19 Frame 
29 19 Frame 
30 16 Frame 
same as 
Wall 11 
31 18 Frame 


ie s” lath and 3/,” 
plaster 


1” furring strip s 
inouletinn B ape 8 
plaster 


Plaster on sur- 
face of tile 


Insulating board 
G nailed to stud- 
ding 

1” furring strip 
3/,” lath and ye 
plaster 
InsulationB 
nailed on ~stud- 
ding 
InsulationG 
and */,” plaster 


3/," lath and 3/5” 
plaster 


3/," lath and */,” 
plaster 


Insulating board 
B 

3/,” plaster 
Insulation B ac- 


3/,” fir sheathing 
4" lap siding 


Stucco on surface 
of tile 


Stucco on surface 
of tile 


Insulating board 
G nailed to stud- 
ding 


Stucco on surface 
of tile 


InsulationB 
nailed on stud- 
ding 
InsulationG 
building paper 4” 
lap siding 


3/," fir sheathing 


building paper 4 
lap siding 


3/,” fir eas 
building paper 4 
lap siding 


4” lap siding 
Insulation B ac- 


None 


None 


None 


None 


None 


None 


None 


2 thicknesses in- 
sulation H spaced 
between _ studs 
to divide air 
space into 3 equal 
parts 


1 thickness insu- 
lation H nailed 
to each side of 
studs bowed in at 
center 11/,” 


None 


None 


order to correct for the differences the coefficient of transmission was determined for 


the walls of the inner box. 


This was done by taking a wall section and testing it at 


uniform mean temperatures between the test box and cold room. Tests were 
made first with the inner and outer box temperatures equal, second with the outer 
box temperatures slightly below, and third with the outer box temperatures slightly 


above those of the inner box. 


These results are given in Table 1, shown graphically in the curve of Fig. 13. 
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TABLE 4. DESCRIPTION OF INSULATION USED IN THE DIFFERENT WALLS 





Conductivity C 
Mark Sraniyten Wall in Thickness ; at 60° M. + 
Designating ° Which It As Used, Density, 1 In. Thick 
Material Material Was Used Inches Lb. per Cu.’ Dry Basis 
A Semirigid board 19 0.567 13.3 0.311 
B Wood fiber board 10 Av. 0.514 15.2 0.307 
11 inside 0.525 14.4 0.313 
11 outside 0.531 15.1 0.315 
21 inside 0.535 16.0 0.329 
25 inside 0.534 15.6 0.340 
25 outside 0.519 15.3 0.339 
31 0.706 14.7 0.323 
Cc Quilted wood fiber 
between two layers 
of craft paper 12 0.504 4.8 0.271 
16 0.550 4.5 0.273 
D 40 sheets of news pa- 
per covered on 
side with double 
waterproofed craft 
paper 14 No tests made 
E Animal hair lined on 
one side with tar pa- 
per and on other with 
heavy craft paper 15 0.269 9.7 0.25 at 
66° M.T. 
F Porous gypsum ma- 
terial poured into 
place 17 3.5 11.1 0.436 
18 3.5 11.1 0.436 
G A cereal fiber board 23 inside 0.48 14.3 0.346 
23 outside 0.47 14.1 0.345 
26 inside 0.48 14.4 0.359 
26 outside 0.47 14.8 0.356 
H Paper felt treated on $28 inside 0.119 34.4 0.499 
the surfaces with 28 outside 0.119 34.4 0.499 
creosote for water- 29 inside 0.117 32 0.470 
proofing 0.117 32 0.470 


The curve shows clearly the increase or decrease in the coefficient of transmission 
U due to each degree of temperature difference between the air of the inner and 
outer boxes. From the curve each degree difference in temperature is shown to 
change the constant by 0.0182. As shown by Table 1 these tests were made at an 
average temperature difference of 79.9 deg. fahr. between the air on hot and cold 
sides of the wall. The total area of the inner box walls is 45 sq. ft. and that of the 
test wall 9 sq. ft. The transmission constant for the inner box walls is therefore 


0.0182 x 79.9 x ra = 0.295 B.t.u. per sq. ft. per degree difference in temperature 


between the air on the two sides of the inner box. This coefficient was obtained for 
&@ mean temperature between the air on the two sides of the surface of 72.5. The 
coefficient for other mean temperatures may be taken directly from the curve of 
Fig. 14. 
Effect of Mean Temperatures on Coefficient of Heat Transmission for Walls 

In general, as the mean temperature of any material is increased, the heat trans- 
mission constant is also increased. In order to determine the magnitude of this 
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effect on wall sections two different frame walls were selected; one number 8, 
without insulation and the other, number 12, with a quilted insulation placed be- 
tween the studding. These walls were tested at several different mean tem- 
peratures ranging from approximately 32 deg. fahr. to 97 deg. fahr. The results 
of these tests are shown in Table 2 and the curve of Fig. 15. From an examination 
of these curves, it will be noted that the points lie very closely to a straight line 
and further, that the slope of the curves for both walls are approximately the same. 


WALL NO. 30. 


Resu/ts of Tests bit 


Cond \ ©. \Cond \ MM. \Cond\/7 \Cond \/7. 
Const} T. Const] T. Const} T Const) T. 


Tl eg. un Zz) eg 2 Deg Runt Deg 
AFA AS6 \40Z| 193 \474|.194 \94/ 
8.80\727\88¢ |725\/0./ \119 110.6 9 | 
357 624).362 \ez4 giz Wiz\|a/2z Wiz 
344 |322|.347 |323|.397 Wo7|.3¢6 \ez2 
l2.57 koalz.76 |\z063.70 bzela.s4 648 
Gs V.24 V3.0. 26 bs.4\/.72z 7e3\80 |6r/ | 
1.78 1.80 zz8| \|z/4 
1.92 1.97 2z50| \|244 
2.51 249 2.98 289 
154 1.52 2.36 38 

Temperatures 
732 | 732 119 119 
718 7/8 1/8 4/8 
530 53.1 105 706 
466 468 707 702 | 
417 4/2 974 98.6 
228 229 839 B59 
18.0 18.4 813 838 

8.1 8.5 75.4 78.5 
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U=Coefticient of transmission 
Air to Air. 

X,= Surface Constant. 

K,= Surface Constant. 

k,* Surface Constant. 

ae tlhe Constant 

Temperature at location 

of thermocouples. 3 

©, Conductivity constant of Insulating Board B’, Table im. 

€,*Conductivity constant of Insulating Board B’, Table Ty. 

C,*Conductivily constent of Building Peper. 

ChsConductivify constant of Lap Siding (Pine}. 

CG, *Conductivity constant of Plaster. 
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Fic. 23. TEMPERATURE Drops AND ConpbuctTivity CONSTANTS 


The list of walls thus far tested is given in Table 3. This list gives the walls by 
number, refers to the figure which shows the type of construction and also gives 
the details of construction. In all cases where wood sheathing was used it was 
*/, in. fir ship lap unless otherwise stated. The lap siding was all 4 in. white pine, 
1/, in. butt. The insulating materials are all designated by letters and described 
in Table 4. 

Table 5 gives the summary of results for all tests. 

In order to pick out the results for any one wall refer to Tables 3, 4 and 5. 
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TaBLe 5. SumMaARyY oF RESULTS OF TESTS ON WALLS BY THE Hot Box METHOD 








Air Tem ture °F. Inside Outside Coefficient 
Wall Test High low Mean Surface Surface of 
No. No. Side Side Temp. Constant Constant Transmission 
Ki Kz U 
7 401 80.7 —0.05 40.3 1.62 2.08 0.216 
402 80.8 —0.10 40.4 1.62 1.91 0.216 
7a 418 80.4 +0.1 40.2 1.75 1.80 0.211 
419 80.5 +0.4 40.4 1.77 1.73 0.212 
8 400 81.2 —0.3 40.4 1.72 2.06 0.222 
10 403 80.4 —0.2 40.0 1.67 1.91 0.185 
404 80.4 —0.3 40.0 1.67 1.92 0.189 
11 409 80.4 0.0 40.2 1.74 2.51 0.153 
410 80.4 0.0 40.2 1.79 2.44 0.152 
12 405 80.4 0.0 40.2 1.69 1.74 0.114 
406 80.4 -0.1 40.2 1.65 1.81 0.115 
420 80.5 0.0 40.2 1.74 1.76 0.117 
14 393 80.0 0.0 40.0 1.81 1.35 0.132 
15 413 80.2 -0.1 40.0 1.75 2.59 0.134 
414 80.2 0.0 40.1 1.78 2.93 0.133 
16 415 80.5 0.0 40.2 1.78 1.99 0.141 
416 80.5 0.0 40.2 1.75 1.94 0.141 
17 442 80.5 —0.2 40.1 1.75 1.49 0.116 
443 80.6 +0.1 40.3 1.83 1.40 0.115 
18 433 80.6 -—0.2 40.1 2.02 2.31 0.110 
19 425 80.5 —0.1 40.1 1.62 1.82 0.156 
426 80.8 . +0.9 40.9 1.64 1.83 0.154 
20 437 80.5 0.0 40.2 1.81 3.50 0.225 
438 80.5 -0.1 40.2 1.84 3.40 0.227 
21 431 80.5 0.0 40.2 1.84 1.40 0.167 
432 80.6 0.0 40.3 1.83 1.63 0.166 
22 445 80.2 0.0 40.1 2.01 2.19 0.318 
446 80.2 0.0 40.1 1.98 2.17 0.314 
23 434 40.3 1.75 1.68 0.212 
435 40.3 1.74 1.64 0.213 
24 448 80.2 0.0 40.1 1.78 1.65 0.212 
449 80.2 0.0 40.1 1.79 1.85 0.214 
25 439 40.2 1.80 1.25 0.184 
440, 40.2 1.82 1.28 0.185 
26 454 80.1 0.0 40.1 1.65 1.48 0.168 
455 80.2 0.0 40.1 1.65 1.47 0.169 
28 456 80.3 0.0 40.1 1.72 1.42 0.141 
457 80.1 0.0 40.1 1.76 1.41 0.142 
29 458 80.2 0.0 40.1 1.76 1.60 0.154 
459 80.2 0.0 40.1 1.77 1.58 0.153 
30 462 80.1 0.0 40.0 1.78 1.54 0.154 
463 80.1 0.3 40.1 1.80 1.52 0.156 
31 460 80.1 0.0 40.0 1.65 1,52 0.142 
461 80.0 0.0 40.0 1.68 1.53 0.143 


From Table 3 the description of wall, the figure showing construction and the insu- 
lating material used is obtained. From Table 5 the results for the different tests 
are given. 

In all walls where building paper was used over the sheathing it was known as 
tar felt building paper 32 in. wide, 50 ft. to the roll. 

In order to determine the temperature drop, the conductivities of the various 
materials and the surface constants, three walls, Nos. 23, 25 and 30 were built 
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up with thermocouples placed on the various surfaces throughout. The location 
of the thermocouples and the results obtained by tests are shown in Figs. 21, 22 
and 23. The thermocouples were placed on the surfaces midway between the 
studding. In calculating the conductivities and surface constants of the material, 
the heat units transmitted through the full test section were taken. It is evident 
that the thermal resistance of the studding would reduce to a certain extent this 
heat flow and thus affect the surface constants and conductivities. It does, however, 
represent a practical condition for wall sections. 

By comparing the thermal conductivities obtained in these tests with those 
obtained by the hot plate method for the same material and given in Table 4, the 
results obtained by the hot plate are found to be slightly less. This may be due 
partially to the fact that hot plate results were taken on a bone dry basis whereas 


TasBLe 6. Conpuctivitry ConsTANTs C FOR MATERIALS BY Hot PLATE AND HoT 


Box METHOD 
Material in Material in 

Wall 23 Wall 25 

C by hot plate method 0.35 0.34 
C by hot box method 0.364 0.357 

TABLE 7. SURFACE CONSTANTS THROUGH WALLS 

Wall No. 23 25 30 
Ki 1.75 1.81 1.78 
KE; 1.92 1.93 1.95 
Ks 2.08 2.05 2.51 
Ky 1.66 1.26 1.50 


the hot box tests were tested as received; and partly to the fact that the material 
is porous and the transmission of heat by air passage increases the heat flow in the 
hot box test. The comparison is shown in Table 6. 

Surface constants are affected by air motion and it is difficult to measure the 
exact air motion over the surface of a wall section. The majority of the tests 
have been made with an air velocity of 40 to 50 ft. per minute over the surface. 
The outside and inside surface constants as obtained for all tests are shown in 
Table 5. A summary of those obtained throughout the walls, Nos. 23, 25 and 30 
are shown in Table 7. 

The inside surface constant K, runs very uniform and checks very closely with 
those obtained throughout other tests. The outside surface constant K, corre- 
sponds to K: of Table 5 and like those of Table 5 the variation is much greater. 
This variation is due to two causes; first, the outside air circulation is more diffi- 
cult to control and second, the outside surfaces of the walls are more irregular and 
it makes a difference where the temperatures are taken. The constants on the 
interior of the wall run somewhat higher, 1.93 being a fair average for Ky and 2.07 
for Ks of walls 23 and 25. In wall 30 this value went to 2.5. 

From the tests thus far made 1.75 may be taken as a reasonable value for inner 
and outer wall surface constants, with an average of 2.0 for the interior constants. 
These constants depend on many conditions and the values given kere are only 
the preliminary of the study under way. 
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Variations in Results 


By a comparison of the results obtained by duplicate tests on the same wall 
section it is evident that the apparatus and test methods are reliable and that re- 
sults are easily duplicated on the same test section. If, however, two different walls 
are built up after the same specification there is a variation due to materials. 
This is apparent by comparing walls 7A and 8. These walls were built at dif- 
ferent times but from materials of similar specifications. When tested wall 7A 
gave a coefficient U = 0.212 while 8 gave a coefficient U = 0.222. From an exami- 
nation of the walls the only apparent difference between the two walls was in the 
thickness and sap in the sheathing. In another case in which white pine was sub- 
stituted for fir sheathing a still greater reduction was noted. On the other hand 
the two walls, Nos. 11 and 30 were built up of the same stock of insulating board 
used both as a plaster base on the inside and as sheathing on the outside. These 
walls tested 0.152 and 0.155, respectively. If materials can be exactly duplicated 
then the test results may be duplicated, but in many cases this will be impossible. 
With many of the quilted materials, there is a spread or increase in thickness when 
it is flanged between the studding. This increase is not uniform and may make 
a wide variation in the constant obtained. For this reason definite comparisons 
of the value of different insulating materials should not be made from the tests 
on one wall of each kind. Many of the wall constructions have been duplicated 
and are in the process of testing; others will be duplicated and reported with new 
types of construction at a later date. 


Effect of Moisture in Walls 


With those walls which contained more wet material in their construction a 
longer period was necessary for drying out before testing. For instance with wall 
No. 17, this was dried 4 weeks and then tested, giving a transmission coefficient U 
of 0.123. It was then allowed to dry for 4 weeks longer when a test gave U = 0.115. 
It is possible that if dried for another month it might have given a still lower con- 
stant. Likewise wall No. 18 after drying for 6 weeks gave a coefficient of 0.125. 
This same wall after drying 10 weeks longer gave a coefficient of 0.110. This shows 
the necessity of thoroughly drying the walls before test. 

The authors of this paper wish to acknowledge the cooperation of F. C. Houghten, 
director of the American Society or Heatine AND VENTILATING ENGINEERS’ 
Research Laboratory and also the work done by C. C. Carlson in obtaining the hot 
plate constants for the materials used. 


DISCUSSION 


P. Nicnoiis (WritTeN): Professor Rowley’s paper is of particular interest be- 
cause the guarded box method he is using is included in the code for testing insulat- 
ing materials which has been tentatively adopted by the Society. There can be no 
question but that the method is sound and that it should give accurate results as 
far as “accuracy” is limited to the construction as tested and the conditions sur- 
rounding the testing. This limitation is particularly necessary with built up sec- 
tions where workmanship and age will affect the construction and the air circu- 
lation in the interior. 
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Such testing work will always be investigative rather than standardized testing, 
and the method and set-up used will be varied or attempts at improvement made 
in the same manner as Professor Rowley has changed the construction of his hot 
plate from the design set up by the Bureau of Standards. 

There is no reason why other investigators could not duplicate Professor Rowley’s 
apparatus and obtain approximately the same results, although surface coefficients 
are liable to differ due to changes in the air circulation. It is questionable, how- 
ever, whether it is necessary to make the boxes as deep, and half that used should 
be satisfactory. It would also be preferable to distribute the heating elements, 
there is no reason why the wires should not stretch across the box, thus avoiding 
localized heating. 

Professor Rowley obtains equilibrium between the inner and outer box by ther- 
mocouples measuring the air temperatures. Would it not give more assured ac- 
curacy, and also greater ease of manipulation, to use systems of differential couples 
on the 5 sides of the inner box? These systems could be connected in multiple 
so that only one reading would be necessary to maintain balance during the test, 
while each side could be balanced in the preliminary tests when the best heat dis- 
tribution to the heating wires was being found. 

All but three of the wall sections tested had the same inside finish, and it would, 
therefore, be expected that all the inside surface coefficients would be the same, 
or would increase slightly with the conductance of the section; the differences 
found were probably due to the air circulation or to the location or method of attach- 
ing the thermocouple. 


This also is largely true for the outer surface, with the exception of wall 20, but 
it is hardly correct to call the 3.50 a surface coefficient as the high value was evi- 
dently caused by the air circulating through the slats because there was no paper 
lining behind them, and is an infiltration effect. 

Because inner surface coefficients need not be measured as their values in ser- 
vice can be assigned from known data, a hot plate method arranged to give a one- 
direction flow could be used. This principle was used by the speaker and is de- 
scribed on p. 300 of the 1924 Transactions. It gives uniform heat distribution 
and has possibilities of a higher order of accuracy in the heat input measurement. 
The box method, however, is superior in that it should be possible, with proper 
precautions, to include the effect of heat loss from infiltration caused by wind 
pressure. In making comparisons of constructions, particularly when they in- 
clude special insulations, it would be well to determine whether their transmittances 
are affected by wind pressure, and it is hardly fair to compare them on a still air 
basis. It is suggested that a wind test should be made as a standard test in addi- 
tion to the one with still air. 

The University of Minnesota is doing a good work and it is to be hoped that it 
will be continued and not interrupted as has so often occurred due to institutions 
changing personnel. When completed it will fill a big gap. The most complete 
and best work to date on building construction heat transmission is that done by 
Kreuger and Eriksson in Sweden. It was carried out by the Academy of Engi- 
neering Science, the money being supplied by the government during the years 
1920 to 1924. Over 50 wall sections were tested and a number of special studies 
made on surface coefficients, air spaces and other factors. The results were con- 
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nected with the climatic conditions in different parts of the country and are well 
presented for practical application. 

The method employed by Professor Kreuger was the same in principle as that 
being used by Prefessor Rowley, but instead of having a special outer box he bal- 
anced the inner box against the room temperature. 

Many of the wall sections tested are not used in America, but in spite of that it 
would be worth while for the Society to sponsor the translation and publication 
of the two bulletins, numbers 7 and 24, issued by the Academy. 


M. S. Van Dusen! (Written): Professor Rowley and his associates are to be 
congratulated on their excellent work on heat transfer through building materials 
and constructions, and especially in their efforts toward the correlation of results 
obtained on homogeneous materials in the hot plate and those obtained in com- 
pleted walls by means of the box method. The ultimate goal in heat transfer re- 
search of this kind is obviously to show, if possible, that calculations of the insula- 
ting properties of built up walls using data on single materials and air spaces 
can be relied upon for practical purposes. 

A few points in this paper, however, seem to require critical comment. The 
effect of mean temperature on the heat transfer coefficient was determined for 
walls No. 8 and 12, both showing a considerable increase with mean temperature. 
The slopes of the two curves are practically the same, but the percentage slope, 
in which we are really interested, is about 0.8 per cent per deg. fahr. for wall No. 
12, which is about twice as great as that of wall No. 8. If all heat through wall 
No. 12 took place by radiation only, we should expect an increase of approximately 
0.8 per cent per deg. fahr., but this is far from the case with this wall. The in- 
crease in convection and conduction with mean temperature is much less than 0.8 
per cent per deg. fahr., according to practically all available data, and it would 
therefore appear that the slope of the curve for wall No. 12 is much too great. The 
percentage slope of the curve of wall No. 8 appears to be reasonable enough, but 
according to fairly well established principles, its percentage slope should be greater 
than that of wall No. 12, since a greater proportion of heat transfer by radiation 
occurs in wall No. 12. Walls containing no air spaces across which heat transfer 
by radiation could take place should have a temperature coefficient only a frac- 
tion of 0.8 per cent per deg. fahr., according to available data on the thermal con- 
ductivity of various building materials. 

The interpretation of heat transfer across an air space by means of two so-called 
interior coefficients seems rather illogical. An air space is a definite thing in spite 
of the fact that the heat transfer across such a space occurs by three general methods 
and is affected by temperature difference, mean temperature, character of surface, 
height, width and possibly other factors. It would appear logical to consider 
an air space as a unit, and at least not divide up the heat transfer across such a 
space into two completely fictitious “interior coefficients.’’ The combination of 
two such coefficients has a physical significance, but neither one separately has the 
slightest, since the radiation which accounts for more than one half of the total 
heat transfer across an ordinary air space is independent of any intermediate air 
temperature between the bounding surfaces of the air space. 


Pa. U. S. Bureau of Standards. Member Committee on Heat Transmission, National Research 
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It appears at first sight that too much importance is attached to the so-called 
inner and outer wall surface constants as measured in the apparatus. In spite of 
the fact that the inside air is only moderately stirred to promote temperature uni- 
formity, nevertheless the conditions prevailing inside the box are in all probability 
considerably different than those on the inside of a room of average height, and the 
surface constants are therefore considerably different. Likewise the outer wall 
surface constant, as determined, bears little relation to conditions on the outside 
of an actual building. The conductance of the wall specimen from surface to sur- 
face would appear to be the important quantity determined in this series of tests. 
It seems impracticable to attempt to simulate actual surface conditions in any 
reasonable box method of test. In applying results on the conductance of walls 
to actual practice it is necessary to add a certain thermal resistance due to the out- 
side and inside surfaces in contact with air. Such resistances are probably as well 
known now for vertical surfaces as they ever can be, applied to the calculation 
of heat losses from actual buildings. Tests for the express purpose of determining 
this resistance under still air conditions have been made. The sum of the inside 
and outside surface resistances of a wall is on the average equal to 1 deg. fahr. per 
unit heat flow expressed in B.t.u. per hr. per sq. ft. This figure assumes that the 
outside surface resistance is on the average roughly on half of the inside surface 
resistance. It is subject to large variation depending on conditions which can 
only be very roughly defined in practice, but its use is probably as accurate as we 
can hope to be for a long time to come. 

I do not wish to be misconstrued as decrying the efforts of those engaged in the 
determination of surface constants, but the results of such determinations should 
be set in their proper place, and as additions to scientific knowledge such test con- 
ditions as air speed, etc., should be clearly defined; otherwise the results are of 
little value scientifically. 

This leads us to the question of whether or not it might be more logical to test 
walls, as well as homogeneous materials, by the plate method. This has been done 
to some extent in Europe. To my mind the choice of the two methods depends 
entirely on the ease and accuracy with which the conductance of walls can be de- 
termined. If the box method is simpler and more accurate, it is undoubtedly 
the best method, but its advantage does not lie in the fact that with it certain 
particular surface constants can be determined. 


F. G. Hecuter! (Written): These two papers are important contributions to 
the literature on the heat transmission of wall sections and go a long way in bridging 
some of the gaps between laboratory data and service results. 

The data are presented in an admirable and convenient form for the average 
reader, but for those who wish to make a further analysis of the results fuller test 
data would be very desirable. The care taken in adequately describing the ma- 
terials used is gratifying; the one exception, noted in both papers, seems to be 
plaster. The conductivity of cement plaster is usually taken as 8.0 B.t.u. and that 
of gypsum plaster as 2.32 B.t.u. Even though plaster has little effect on the 
total thermal resistance of the average wall it would be well to specify the kind 
used. Professor Rowley apparently used cement plaster in his test. On the other 
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hand Mr. Houghten in Table 7 gives a value for wood lath and plaster “as used’ 
which refers to gypsum plaster. 

There has been a great deal of discussion of the methods of measuring heat 
transfer, and the hot box method has been severely criticized. The comparative 
conductivity values given by Rowley in Table 6 are concrete evidence that in the 
hands of skilled experimenters the hot plate and the hot box methods give results 
that are consistent and in quite good agreement. It is usually recognized by all 
who have used the box method that the location of the fans as well as the air ve- 
locity and the angle of impingement of the air stream have considerable effect on 
the results obtained. It is interesting to note that Professor Rowley does not direct- 
the air stream toward the test wall; so far as the writer recalls, this point has not 
been brought out in previous descriptions of the apparatus. It still remains to be 
seen how well results obtained by this method in different laboratories and by dif- 
ferent experimenters agree. A typical test log would be interesting to show how 
nearly the ideal condition of constant and uniform temperatures throughout the 
test box is realized. This has always been difficult to get, and as Professor Barker 
has so aptly stated, must be experienced to be appreciated. The writer has yet 
to see authentic hot box test data where the temperatures within the box were 
all the same and remained so during the run. 

One of the most valuable results brought out by Professor Rowley’s tests is that 
for a wall with an air space the surface coefficients within the space have a mean 
value of about 2.0. This means that the resistance of such an air space is 1 and not 
1.49 which is the value now generally accepted in this country. There is consider- 
able evidence bearing out the validity of this result, the most recent being on the 
work radiation by Griffiths in England and Heilman at Mellon Institute, and 
there are reasons for believing that our constants need revision in this respect. It 
is to be regretted that the present series of heat meter tests give no data regarding 
the value of air spaces as found in walls. 


Rowley suggests that 1.75 is a far value for both inner and outer external sur- 
face coefficients; this is equivalent to a total combined surface resistance of 1.14 
which is about 14 per cent higher than the conventional value of 1. Here again 
even a considerable change in the value of the surface coefficients will have little 
effect on the thermal resistance of a well insulated wall. Under service conditions 
the surface coefficients show wide variations, and are influenced by many factors 
beyond control. One of the most potent influences is the kind of wall exposure, 
for example, if the sun shines on a wall its surface temperature becomes much higher 
than that of the ambient air and the surface coefficient consequently very low, 
sometimes even lower than the inside coefficient. Normally, however, we are 
interested in knowing the value of the coefficients under the most unfavorable 
conditions such as for a northern exposure, during the night, or for stormy weather. 
It is certainly convenient to take the sum of the two surface resistances as unity 
and evidence seems to prove this to be true also for air spaces. 


The 8 in. concrete slabs tested at the Research Laboratory gave conductivities. 
ranging from 13.3 to 16.4. It will be recognized that these values are much higher 
than those usually used. The results, however, agree quite well with data obtained. 
at Pennsylvania State College on some concrete slabs six to eight years old. 
The slabs appeared to be dry but as they had been stored for several years in a damp,. 
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cold room they probably held considerable moisture which may account for the 
high conductivity. Undoubtedly, in service, concrete walls are frequently quite 
damp and have a high conductivity. The same applies to many brick walls and 
probably the conductivity value of 4 usually used for brick is generally too low. 
Of course there are may kinds of brick and we really need some definite method 
of identification, but for the broad generic classification of just “brick,” a conduc- 
tivity of 5 would probably be more nearly correct. We already specify 5 for wet 
brick; but what is meant by wet brick, and who will admit that this wall is going 
to be wet? Ina paper presented at a joint meeting of the A.S.M.E. and A.S.R.E. 
in December, 1927, the writer reported tests showing that even a small amount 
of moisture may greatly increase heat transmission in a brick wall. The capillarity 
of the average brick wall is well known and too much reliance should not be placed 
on such a wall being or remaining dry. 

The agreement between the measured and the computed conductances in Table 
6 of Houghten and Zobel’s paper is noteworthy and is further evidence that the 
thermal resistance of a wall can be accurately calculated from reliable values for 
conductivities of the material used. This result is of the greatest value and amply 
justifies the time and effort devoted to the problem. 


C. K. Swirr (Wrirren): It is particularly gratifying to note the attention 
given by the authors to a more exact evaluation of the surface coefficients. The 
available data on these constants are vague and in many cases inaccurate, and 
are unquestionably responsible in a large measure for discrepancies between cal- 
culated and actual transmission coefficients. 

Of equal importance from my point of view are the results on the temperature 
coefficients of transmission. The results as given by the curves in Fig. 15 are 
rather surprising. In the case of Wall No. 13 an extrapolation of the curve would 
indicate a zero value for U at approximately 100 deg. below zero. While the 
point is one of purely academic interest it is difficult to conceive of a wall becoming 
a perfect insulator at a mean temperature 360 deg. fahr. above absolute zero. 

In the determination of the temperature coefficient of conductivity, I have ob- 
tained similar results on several occasions. Conductivity values plotted with 
respect to mean temperatures fell almost exactly on a straight line, but the slope 
was such that zero conductivity was indicated at temperature values well above 
the absolute zero. 

It is probable that the apparent anomaly can be explained on the basis of a 
change in the slope of the temperature coefficient curve at a point below the low- 
est observed values, but the reason for such a variation is difficult to understand. 


THORNTON Lewis: I think this work that has been going on is most excellent. 
I would like to add my personal vote of thanks for such a valuable contribution 
to the Society. 

I really got up to ask this question: Here we are finding by actual test the 
B.t.u. constants for certain surfaces. In the paper that was presented yesterday 
from the Research Laboratory we have other surfaces that are being tested, and I 
understood Mr. Houghten to make the statement that certain materials or con- 
structions that were tested showed different values from those that were calcu- 
lated, and are now in THE GUIDE. 














470 Transactions AMERICAN SocreTy oF HEATING AND VENTILATING ENGINEERS 


The question I want to ask is this: What practical method have we, or what 
practical method are we going to set up for bringing into harmony those two sets 
of values? I think that is important. There are a number of bodies, trade asso- 
ciations, etc., that are looking to this Society to guide them on this engineering 
information relating to heat transfer, in addition to the many contractors and 
engineers and private firms who are expecting this data from this Society. 

Now, we ought to definitely set up some method for bringing those two things 
together and see that the constants we publish in Taz Gurpz which are generally 
being used are revised, and so state at the time they are revised that they are 
considered up-to-date information which has been passed upon by our Research 
Laboratory or the Research Committee. 

I ask that, Mr. President, in the form of a question. 


F. C. Houeuren: As pointed out by Mr. Lewis the study at the Laboratory 
shows heat transmission coefficients somewhat different in a few cases from those 
used in THe Guipz. The only two really important cases are concrete and hollow 
tile constructions. I believe that all other variations are no greater than one 
would expect from tests on different walls of like construction and materials built 
by different workmen. 

The question of incorporating changes in heat transmission values in Toe Guipg, 
based upon these differences, rests with The Guide Publication Committee. 
Whether or not changes should be made in Tus Gurpe depends on whether or not 
the hollow tile in the walls tested is typical of that used throughout the country. 
In so far as we have been able to determine, it is typical. It is possible, however, 
that the heat loss through hollow tile walls depends upon the particular tile used or 
even on the clay from which they are made, and it may develop that it is desirable 
to classify hollow tile. 

As pointed out in the paper, the concrete wall tested was not poured very 
long and its conductivity is decreasing with time. It remains to be seen whether or 
not this decrease in the coefficient continues until it reaches the value in Tue 
Guive or whether we should accept a higher value for concrete. Again it is 
quite probable that the conductivity of concrete depends upon the proportion of 
cement, sand and gravel in the mix, and even upon the stone particles in the sand 
and gravel. It is quite probable that sand and gravel, whose particles are largely 
limestone, will give a concrete with a different heat transmission coefficient from 
concrete in which the sand and gravel particles are largely granite. 


E. C. Evans: I would like to ask Professor Rowley if there has been any attempt 
to stipulate or find out the amount of cement or plaster that is used in a tile wall. 
I think that is where this constant varies as represented by the hot box, and I 
don’t believe we will ever find that we are able to use the formula and the fixed 
values that we get because we are up against the workman who in laying up the 
wall, slaps a little mud on the corners. I think considerable attention ought to 
be paid to this until, as the years go by, we will get what we call a tile wall. 


W. H. Carrier: There is one point in this paper that I would like to inquire 
about. I presume Professor Rowley has taken care of this. I didn’t have an oppor- 
tunity to read the paper very carefully, so that it may all be there, and I have not 
noticed it. So, if it is, pardon my question. 
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That is a question in reference to the protection of radiation from the heating 
element. Even if the heating element is surrounded by a casing, that casing has 
considerably higher temperature than the surrounding air, and the radiation factor 
is considerable. I think that has probably been one of the chief difficulties in the 
past in standardizing a hot box method. I think probably there has been insuffi- 
cient protection for the heating element which would have the effect of producing 
higher surface temperatures than indicated by the surrounding air, also it might 
have the effect, if not guarded, of affecting the thermometer reading. I assume 
that in this case it has been taken care of, only I should like to have had the mention 
of it made a little more prominent. 


I was greatly surprised to see results reported by the Smithsonian Institution 
with an instrument for measuring radiation in which under certain conditions, 
plain surface, cloth-covered surface or blackened surface, the radiation at normal 
blood temperatures about 100 deg., room 70 deg., the radiation effect is said to 
be 60 per cent of the total heat, and only 40 per cent by convection. 


Prof. Rowley may know more about that than I do; he has been making investi- 
gations along the same line. When you have such a tremendous proportion of 
radiation to convection, you can easily see the opportunity for an error by radiation 
effects that are away beyond what we have ordinarily considered. I had no idea 
they were of so great a proportion. Not only must the heating element be encased, 
but as the casing is warm, and there will still be considerable radiation, you must 
protect it by a further insulating guard with an air space in between, a real in- 
sulator, so the outside of the insulation is practically the temperature of the circu- 
lating air. Even that must be protected against the sides of the box because you 
will get the radiation against the further sides of the box; that box will be hot and 
radiate back. 

A very good illustration of radiation effect is in an electric toaster or broiler where 
the heat is radiated right down through the cold air, and you can broil or toast with 
air practically at the freezing point, which shows that radiation effect is very, very 
important. Now this same effect exists, although not to as great an extent, at a 
temperature difference as low as 30 deg. so that the percentage of radiation is 
still a large proportion of the total heat emitted. So it is very important that 
great care be taken to guard against radiation effect in the box which will give 
different results every time the amount of radiation is changed or a different type 
of radiator is used. It is obviously requisite for standardization that, regardless 
of what type of heating element is used or its arrangement the method must be such 
that there must be no effect in the overall results obtained. This means that there 
must be no radiation effect from the heating element either to the box or to the ther- 
mometric element, and that the air in the box must be heated by convection only, 
and the walls be heated only by convection from the air. Another point which 
needs to be taken into account is that the heated air must be so distributed that 
there will be as nearly as possible uniform air temperatures in all parts of the box, 
and this must be accomplished with the minimum of air disturbance. The velocity 
of air movement near the surfaces should be taken into account and preferably 
independently measured by a hot wire anemometer. 

The other method that might be considered is to distribute the heat almost en- 
tirely by radiation with the radiating elements so distributed that the surface 
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temperatures would be uniform. In this case, only the surface temperatures would 
be measured and corrections would have to be made for the difference between room 
temperatures and the surface temperature of the material in the practical con- 
stant of transmission of the structure. Possibly this would be the simplest way. 


I didn’t want to make that as a criticism, because that I presume has been taken 
care of, but I think it ought to be emphasized. 


The point has been brought up by Mr. Lewis about the method of getting our 
data to the rest of the world in general. We are a small society here. I mean we 
are small compared perhaps with the electrical and mechanical engineers. We 
are a large society considered from the standpoint of what we were a few years ago, 
and from the standpoint of similar organizations in other countries. I don’t know 
the number of engineers in this country, but I assume that there are at least twenty 
or fifty times, possibly a hundred times, the number in our organization. That 
is, those who belong to other societies and those who do not. A large percentage 
of those, possibly half or a little less, are interested in heat transfer in some form 
or other—insulation or promotion of heat transfer. The pioneer work that is being 
done by this Society is of vital importance to all such engineers. I think there may 
be a little tendency in any society to be a little narrow in their view, and think 
only of their own interests, their own point of view, their own problems, and 
forget that the same problems are to a greater or a lesser degree the problems of 
half of the rest of the engineering profession. 


We want to get away from that if we can and consider ourselves not as heating, 
ventilating engineers, but as thermal engineers. We are a part of a large group of 
engineers, a great number of which are outside your own body, and the work this 
Society is doing along this line should be made available to these men. That will 
bring the Society into prominence of having done a great work for all of these 
engineers. 


I have spoken to you before about what we are attempting to do in the National 
Research Council through the Committee on Heat Transmission. That was 
started really by some of the refrigerating engineers wanting to get something done. 
They are not as fortunate as you in having a research laboratory, and they wanted 
to tie up all of these various investigations that are going on so that they could 
be made generally available. Now, fortunately for you, I think about half of the 
membership that is present on that committee belong to this Society, and through 
that committee we are able to work with the electrical engineers, the ceramic 
engineers on high temperature work, which work in a similar manner to your Society 
along theirownline. The American Society of Mechanical Engineers and the Ameri- 
can Society of Refrigerating Engineers must have exactly the same problems in 
insulation, heat transfer, as you have, and I want to see this Society carry on this 
work, and through this coordinating organization, if possible, that they may have 
the honor and the prestige of having done some real work along this line. I am 
very glad to see that we are going on in this way. 


H. 8. Asnennurst: This work that Professor Rowley is doing is, I think, a 
step in the right direction, but I think we should, as a Society, try to get before 
the public just exactly what insulation means. For example, when we test walls, 
we generally test them under what we call laboratory conditions. That is, we 
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test them as if the building was constructed under the best possible circumstances, 
and when we test the side wall, generally the top is sealed. 

What I think we should do in going into this work is to give tests to show what 
will happen under certain construction conditions. That is, if the wall is sealed 
at the top, that should be noted. In ordinary building very little attention is 
paid to construction, and the test should be made with the walls in the ordinary 
way; that is, open at the top, to see what the result would be. Then I think it 
is important in making a test that the question of air conditions should be con- 
sidered because we very rarely have in this latitude any still air. What the public 
wants to find out is just exactly what will happen in the insulated building, under 
all air conditions. 

So I think the thing for us to try to get across to the public is just how must I 
build my house, what thickness of insulation shall I put in and how shall I fix it 
in the walls in order to get a certain reduction in heat losses over the house built 
in the ordinary way. 

Now, there are several things that have been done recently along that line. 
The American Gas Association in its insulation committee has been trying to show 
what various thicknesses of insulation have meant in buildings. The Better 
Business Bureau has been trying to get the insulation manufacturers to tell the 
truth about insulation in their advertisements, and they have tried to have a code 
adopted so that the manufacturer of the state, in order to get a certain heating 
saving, will have to apply his insulation in a certain way and put in a certain thick- 
ness. What I would like to have us do in the Society is to be able to tell the pub- 
lic—the public knows nothing about B.t.u.’s and engineering figures—how to 
build a house to get the best results and to say to the public, if you put a certain 
thickness, a certain kind of insulating material in your walls, put it in in a certain 
way, paying special attention to methods of application you can then be pretty 
well assured of a certain definite saving, whether it is five, ten, twenty, thirty or 
forty per cent. 

I would like to see tests carried out and information gotten to the public so that 
we can say to the public, if you build your building in a certain way, and insulate 
it in a certain way, you can get probably about this much saving. 

Of course, we know a lot of things enter into it that we can’t tell exactly, but 
when you once get the truth about insulation before the public and try to get things 
out in a practical way so the layman knows exactly what to do, I think we will 
accomplish a great deal. 


C. G. Szceter: Hearing Mr. Ashenhurst speak tempted me to bring up this 
little sheet which I managed to total off before I left for the convention. This 
is a computation of some two hundred gas-heated houses located in various parts 
of the country, Michigan, New York, Webster Grove, Dayton, Ohio, etc., and is 
only a small part of the total number which I propose to tabulate before I am 
through. In each house, the heat transmission coefficients of Taz GuipE were used 
to calculate the heat loss through glass walls, roofs, doors, and also to calculate 
the heat loss by infiltration, using window crack. 

The results in percentage of heat loss through the various parts of the house 
are as follows: heat loss through walls, 27% of the total; through roofs, 16.2%; 
through glass, 25.8%; through doors, 4.3%; by infiltration, 24.6%. 
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This has a very important bearing on the insulation question, and of course, in 
response to Mr. Ashenhurst, insulation is of the greatest importance to the gas 
industry where the fuel prices are higher and where the proportionate savings 
should be greater. The proportionate losses that I have given will give some 
indication of where the greatest value received per dollar spent for insulation might 
be recovered. Offhand, our indications at present are that tightening of window 
frames and use of weather-stripping are the easiest possibility for savings. Of 
course, the walls and roofs must not be forgotten, either. 


Prorsssor Rowiey: Some of these discussions need no reply. They are more 
or less constructive criticism of the nature we need in this class of work. 

Mr. Evans brought up a point of the amount of mortar between the joints as 
affecting the conductivity of a tile wall. While the amount of mortar does affect 
infiltration, I believe our real difficulty in tile walls has been lack of knowledge con- 
cerning the value of an air space. I think perhaps we have over-rated air spaces 
and there certainly are some things which we do not know about internal surface 
constants. In this work we are trying to separate infiltration from conductivity 
losses. 

Mr. Carrier’s point on radiation is well taken. Radiation losses are an important 
factor and we are apt to lose a lot of heat for which we cannot account. Our 
radiation losses are taken care of primarily by using low temperature heating ele- 
ments. When all of the heat is turned on the elements, one can still hold his hand 
on them without any discomfort. The maximum temperature of the elements 
is maintained below 200° F. and the average working temperature is much below 
this point, thus reducing the possibility of radiation losses. Formerly, we used 
electric light bulbs for heating elements in the inner box. In order to prevent ra- 
diation in this case, we shielded the lights but did not find any difference in the 
final results. 

Mr. Nicholls brings up the question of the surface constant in wall No. 20. I 
ought to have stated that this wall was run at a high air velocity thus giving a high 
surface constant. 

Mr. Ashenhurst brings up the point of testing walls as they are actually built 
up without any stops at the top and bottom. One can readily see what would 
happen with the average wall if it were left open at top and bottom. It would be 
substantially a chimney and the transmission would be only that of the inner 
surface. As a matter of getting the results over to the public in a practical way, 
this is the ultimate aim of the research work, but we must know what we are getting 
to the public and be sure that it is based on facts. 
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filter code committee felt that it was essential to learn more about the char- 

acteristics of the different dust determinators. For that reason part of the 
cooperative research work between the American Society or HEATING AND 
VENTILATING ENGINEERS and the University of Minnesota was conducted along 
this line. 

The purpose of the present experiments was to study the various methods 
which have been proposed for determining dust in the air, and if possible, to select 
those best adapted to the practical development of a code. This work has not 
been finished although the apparatus has been built up and a considerable amount 
of experimental work has been done on the A-A Determinator. 

One of the first problems was to devise a method of mixing dust with air which 
would give a reasonable degree of uniformity in the mixture. In order to do this 
an apparatus was built up as shown in Figs. 1 and 2. Fig. 1 is a plan view showing 
the general arrangement of the apparatus. The dust chamber B, 4 ft. sq. and 8 
ft. long, serves as a space for thoroughly mixing the dust with the air by a mixing 
device shown in Fig. 2. The mixture from this chamber is drawn through a 
reducing section to the 12'/:-in. diameter inlet of a number 2 Sirocco fan directly 
connected to a '/:-hp. d. c. motor, the normal speed of the motor being 850 r.p.m. 
This fan serves to further mix the dust and air and delivers it to a 20-in. square 
duct 21 ft. 8 in. long. Four feet eight inches from the end of this duct an air filter 
is placed. The details of the method of placing the air filter in the duct are shown 
in the vertical section AA. Air is prevented from leaking past the filter by placing 
an ordinary automobile tube between the outside of the filter and the casing and 
inflating the tube. There is a 4'/:-in. diameter hole with a cover plate provided 
on each side of the filter for sampling the air and also a hole one inch in diameter 
on each side for determining the pressure drop across the filter. Five feet in front 
of the filter face a brass strip is placed across one side of the rectangular duct and 


I: order to write an intelligent code covering the testing of air filters the air 
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five properly spaced holes are drilled through this brass strip. These holes are 
used for inserting a pitot tube to determine the velocity of air. The pressure drop 
across the filter is taken by means of an Ellison gage and the pitot tube readings 
are taken with a Whalen gage. 

In order to get a continuous and uniform dust mixture, an apparatus as shown in 
Fig. 2 was built and placed near the entrance of the dust mixing chamber. This 
apparatus consists of two chambers, A and B. The first a receiving chamber for 
the dust and the second an agitating or mixing chamber in which the dust is thor- 
oughly stirred up and from which it is uniformly discharged to the inlet or dust 
mixing chamber for the fan. The two chambers A and B are separated by 4 


TABLE 1. VARIATION OBTAINED WITH THE CONSTANTS 1.18 AND 1.26 








Constant 1.18 Constant 1.26 
Value Variation % Variation Value Variation % Variation 
1.263 0.086 + 7.3 je 4 0.43 +32.0 
0.894 0.283 —24.1 1.58 0.24 +17.9 
1.396 0.219 +18.65 2.04 0.70 +52.0 
1.183 0.006 + 0.51 0.83 0.51 —38.0 
1.025 0.152 —12.92 0.75 0.59 —44.0 
1.212 0.035 + 2.98 1.25 0.09 — 6.7 
1.267 0.094 + 7.65 1.55 0.21 +15.6 
1.48 0.14 +10.4 
1.177 Average 1.31 0.03 — 2.2 
1.28 0.06 — 4.5 
1.00 0.34 —25.3 
0.95 0.41 —30.6 
1.97 0.37 +27.6 
1.15 0.19 —14.2 
1.17 0.17 —12.7 
1.34 Average 22.3 


sliding partition C which serves to regulate the level of the dust in the chamber B. 
A rotating shaft D carries two propeller shaped vanes E which serve to mix the 
dust and carry it from chamber A to B. A second shaft, F, in the lower section of 
chamber B is driven from D through sprocket wheels and chain G. The links 
of the chain G carry pins H, which assist in stirring up the dust and keeping it 
aerated. The slide C is adjusted to keep the level of the dust in chamber B below 
the top of the sprocket wheel. The right end of the shaft F is provided with a 
serew or spiral which carries the dust through the bearing and discharges it from 
the mixer. 

This distributor is placed in the outer end of the dust chamber and discharges 
the dust directly in front of a 12-in. disc fan which thoroughly mixes it before it 
leaves the dust chamber. 

It must be borne in mind that the object of the whole device is to test dust de- 
terminators and not to test the different types of air filters. For this reason 
it is not essential at present to consider the types of filters used. 

The first set of experiments was made using the A-A Determinator. This 
instrument was introduced by Anderson and Armspach and described in the TRANs- 
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actions of the American Society or HEATING AND VENTILATING ENGINEERS, 
Volume 28, page 221. In this work one of the determinators was used with the 
dust distributing apparatus described and also a study was made of the data as ob- 
tained by Miss Ingels in her work at the Bureau of Mines Laboratory and reported 
in the Transactions, Volume 30, page 121, and also Volume 31, page 67. The 
results obtained by Miss Ingels are particularly good for this study as she used six 
dust determinators and obtained six simultaneous samples from the same air. 
By this method some of the irregularities in samples were eliminated which must 
necessarily occur where samples are mixed at different times. 
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In Miss Ingels’ work referred to, she developed as a final equation 


226.76 ert 226.76 a oa 
(Initial Press.) 3.18 (Final Press.)1.18 (Initial Press.) 1.26 





in which K was considered as a measure of the dust content of the air and * was 


designated as the A-A dust unit. The dust chart is a graphical representation of 
this equation. On checking over the data the greatest variation seemed to be 





Fic. 5. Rxsuits or Test Serres No. 4 


with the constants 1.18 and 1.26. The data were plotted and a variation in con- 
stants obtained as shown in Table 1. 

It would seem that these variations would seriously affect the accuracy of a dust 
determination. 

From a study of the characteristics of the determinator and from the data ob- 
tained by Miss Ingels the following method has been developed which appears 
to have some merit and may be called a graphical method. This was developed 
on the following principles. 

First, if the dust content in a sample of air remains uniform the pressure difference 
across the filter paper plotted against time gives a straight line. 

Second, when simultaneous tests are run on the same air with filter papers of 
different initial pressures, the slopes are different for each paper, the higher the 
initial pressure the greater the slope. 
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Third, chemical filter papers are highly efficient in removing dust from the 
air passed through them. (The efficiency has been found to approach 100 per 
cent.) 

If all filter paper had the same initial pressure difference, the problem would 
be comparatively simple. Referring to Fig. 3, if two samples of air, one containing 
one unit of dust and the other two units of dust are passed through the same filter 
paper, it is evident that the air with two units will increase the pressure difference 
across the filter paper the same amount in 15 minutes as the air with one unit of 
dust will increase it in 30 minutes. Or, in other words, the slope of one line would 
be twice that of the other and for any dust content the slope would be proportional 
to the dust units of the air. 

Unfortunately, the initial pressure drops are not all the same. There is an in- 
creasing slope due to higher initial pressures as well as to higher dust contents. 
This general relation is shown in Fig. 4 and shows the necessity of knowing the 
relation between the initial pressures and the slopes. The results obtained by 
Miss Ingels’ tests are exceptionally good for obtaining this relation, there being 
9 series, each consisting of 6 simultaneous tests on the sameair. The dust content, 
therefore, should be uniform, the only variation being in the initial pressure drop 
across the filter papers. 

The results of these tests were all plotted and while some irregularity was noted 
in the position of the points, it was in general easy to draw a straight line through 
them. The graphs for series No. 4 and No. 7 are shown as typical examples in 
Figs. 5 and 6, respectively. 

In the curves of Fig. 7 the initial pressures were plotted against the slope for each 
series of six runs. Here there is more irregularity than that shown in the preced- 
ing curves but in general it is not difficult to select a straight line through each set 
of points. On the graphs of Fig. 7 let 


$4-1 = slope of run No. 1 when initial pressure = 4 in. 
$4-2 = slope of run No. 2 when initial pressure = 4 in. 
84-3 = slope of run No. 3 when initial pressure = 4 in. 
S5-1 = slope of run No. 1 when initial pressure = 5 in. 
$5-2 = slope of run No. 2 when initial pressure = 5 in. 
$5-3 = slope of run No. 3 when initial pressure = 5 in. 


It then follows from the theory that 


a 6 Le: 


or rearranging these equations we obtain 


So-1 _ 852 _ 853 _Sd4 ek 
ON Re Re Eee © tere dinate ym 


Or stated in words, the ratio between the slopes at any given initial pressures is 
the same for any dust content. In order to check this from the curve, the constant 
K was determined for the slope of 4- and 5-in. initial pressure. The results of 
this determination are shown in Table 2. 
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This shows that the relation between the slope and the initial pressure for any 
dust content is a straight line for which the following relation holds: 
slope at 5-in. initial pressure “#7 


slope at 4-in. initial pressure _— 





Obviously there are any number of such lines, one for each dust content. Any 
one of them may be used as a standard in determining the relative dust content. 


TABLE 2. Rx&suLTS oF DETERMINATIONS OF THE CONSTANT K FoR THE SLOPE OF 4- 
AND 5-IN, INITIAL PRESSURE 


Siege at Slope at Slope at 5” I. P. % Variation 
Run No. et By 9S I. FP. Slope at 4” I. P. from Mean 
1 2.54 3.54 1.39 0.72 
2 0.33 0.44 1.33 3.6 
3 7.58 9.04 1.19 13.8 
4 0.75 1.10 1.47 6.5 

5&6 0.51 0.74 1.45 5.1 
 j 1.12 1.62 1.45 5.1 
8 no line can be drawn ie Asie ar 
9 1.90 1.38 0 

Average 1.38 
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TaBLE 3. SUMMARY OF THE COMPARISONS BETWEEN THE Dust Content as Dz- 


TERMINED BY THE Two METHODS FOR EACH 





Col. 1 Col. 2 Col. 3 Col. 4 Col. 5 
Series sens Ge steal Dust Units by 102 Varian 
No. Method Ingeis’ Method Col. Sz FF Col. 4 and Col. 2 
1 188.0 12.2 173 - 8 
2 22.2 2.4 34 53 
3 511 16.9 240 —53 
4 58.6 5.0 70.0 19.5 
5 40.3 3.9 55.2 32.6 
6 38.0 3.6 51.0 34.2 
7 78.6 6.2 87.9 11.8 
8 106 T.2 100.5 — 4.2 
9 102 7.2 102.0 0 


Since in series 9 the value of K is exactly 1.38, this will be used as a standard 
reference in determining the dust content of the other tests. 

The relative dust content of the air used in Miss Ingels’ 54 determinations was 
calculated using series No. 9 as a reference. The dust contents so calculated for 
the 6 determinations in any one series should be the same. The average variation 
obtained by this method was 4.42 per cent with the distribution as follows: 


1 value 13.5 per cent 
4 values between 10 and 11 per cent 
3 values between 8 and 10 per cent 
13 values between 5 and 8 per cent 
30 values between 0 and 5 per cent 
3 values discarded and considered ex- 
perimentally inaccurate. 


A similar comparison of the dust units as determined by Miss Ingels’ method 
gives an average variation of 4.66 per cent with a maximum of 16.6 per cent and a 
distribution about the same as shown above. 


TaBLe 4. Dust Constant DETERMINED FROM GRAPH IN Fic. 6 AND THE STANDARD 


SLOPE 
Dust 

Initial Actual Standard Pen ed Per Cent ont Per Cent 
Pressure Slope Slope Method Variation Method Variation 
6.68 2.40 2.76 87.0 7.4 7.9 0 
6.625 2.355 2.73 86.2 ef 8.2 3.8 
6.625 2.355 2.73 86.2 aut 8.9 12.7 
6.43 2.37 2.63 90.0 11.1 8.4 6.3 
6.42 2.30 2.62 87.8 10.4 9.7 22.7 
6.16 1.79 2.49 71.9 12.2 7.5 5.1 
6.10 1.77 2.46 71.9 12.2 7.4 6.3 
6.03 1.75 2.42 72.3 11.7 7.9 0 
5.275 1.385 2.04 68.0 16.0 6.4 19.0 
4.58 1.25 1.68 74.4 8.1 8.1 2.5 
3.95 1.11 1.36 81.6 0.8 7.4 6.3 
3.30 0.96 1.02 94.1 16.0 7.1 10.1 

81 Av. = 7.9 
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In Table 3 the second column shows the dust content as determined by the 
proposed graphical method and the third column as determined by Miss Ingels’ 
method. The fourth column shows the dust units of the third column converted 
into the same units as those of the second column for comparison and the fifth 
column shows the percentage variation. 


From Table 3 it will be noted that even though each system in itself shows 
reasonable uniformity, there is a marked variation between the dust content as 
determined by the two methods. Enough experimental work has not been finished 
to establish the complete relation between the two methods, but in general for dust 
contents below 102, which was taken as a basis for comparison, the proposed system 
shows a lower dust content and for contents above 102 it shows a higher dust 
content. This relation between the two methods is fairly close to a straight line 
for the lower dust contents. : 


In order to further check the theory developed from Miss Ingels’ data a series 
of twelve determinations was made holding the dust content as nearly constant 
as possible. Inasmuch as only one A-A Determinator was available, the time of 
taking the tests spread over several days and it is quite probable that some variation 
existed in the actual dust content of the air for the different tests. This would 
account for the fact that the variations in this series were somewhat greater than 
those calculated from Miss Ingels’ data which were taken by simultaneous readings 
from the same air sample. The results of these tests are shown graphically in 
the curves of Fig. 6, in which each individual test is plotted with pressure difference 
across the filter as ordinates and time in minutes as abscissae. From this graph 
and the standard slope the dust constant was determined as shown in Table 4. 

From Table 4 the average dust content for all tests was 81 units with a maximum 
variation of 16 per cent and an average variation of 10.1 per cent. The average 
dust units as calculated by the Ingels’ method are 7.9, which if converted over 
to the new method of units gives 112.0, instead of an average of 81. 

This second series of tests shows a greater variation than those determined with 
six different samples of the same air as would be expected. The variation in the 
dust content, however, is not serious when determined by either method when 
considering the fact that there is probably a variation in actual mixture for the 
different samples. The fact that each method seems to give reasonably consistent 
results when taken by itself, and yet when the two methods are compared there 
are such wide variations, would indicate that further experimental work must be 
done to check results. It is the purpose to continue this work and also include 
other dust determinators. 


DISCUSSION 


8. Sytvan (Written): The art of air cleaning is certainly greatly hampered by 
the lack of any recognized method of testing cleaning efficiencies. We are very 
glad to know of Professor Rowley’s tests and we hope that your combined efforts 
will soon produce something definite along these lines. 

Before going into any comments on this present paper, I would like to mention 
some general points on the requirements of a cleaning efficiency method. 

The chief requirement is, of course, that the cleaning efficiency obtained should 
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be a real measurement of the usefulness of the air filter. A dust count efficiency, for 
instance, is a measurement of the performance of the air filter but is no measure- 
ment of the usefulness. To illustrate this statement I may mention that the clean- 
ing efficiency of any air cleaner is different for every different kind of dust. An 
air cleaner may have 95 per cent efficiency on large and heavy dust particles but 
next to no efficiency on very small and light ones. In this case a dust count would 
give, for instance, 100 large particles and 100 small ones on the fresh air side and 5 
large particles and 100 small ones on the clean air side, and the efficiency accord- 
ingly would be 47!/2 per cent. As a rule only the large particles will cause any 
trouble or damage and the usefulness of the filter accordingly is 95 per cent instead 
of 47!/2 per cent. 

Neither weighing methods are quite reliable on account of the dust particles not 
being troublesome in proportion to their weight. 

The property of dust that causes most of the trouble is the settling tendency 
which can be measured by means of the settling velocity. The actual amount of 
trouble in any volume of air then will be proportionate to the sum of the settling 
velocities of all dust particles contained in this volume. 


The settling velocity is proportional to the square of the diameter of a dust par- 
ticle and to the specific weight of same. The shape of the particle will also have 
some influence. The main requirement of a correct cleaning efficiency method is 
that it should be based on these properties of a dust particle. 


None of the methods known will fill this requirement and I doubt whether a 
practical method can be developed to do so. In such a case the one method 
should be preferred that corresponds closest to this theory. 


The Anderson-Armspach method is simple and seems to give fairly consistent 
results. However, it has obvious drawbacks. Fine dust has a greater clogging 
effect on filter paper than the heavy dust and will, consequently, affect the result 
unduly. In this connection I may point out that according to our experience it is 
perfectly impossible artificially to copy a natural dust condition. Especially small 
carbon particles have a great tendency to coalesce and form greater aggregates. 
Artificial dust contains no fine particles. 


Some remarks in regard to counting methods have been mentioned in the above. 
In the actual operation, however, these methods do not show results as mentioned 
but will, as a rule, give a higher cleaning efficiency than the actual. The reason for 
this is the very primitive method of collecting samples that is commonly used with 
dust counters. Of course it is very optimistic to expect to catch in one single im- 
pingement particles that have escaped maybe several hundred impingements in 
the air filter. It has always been our opinion that samples for counting should 
be taken on filter paper. By doing so results are obtained that correspond closely 
to the above mentioned. 

The Tufty method described in the JouRNAL oF THE AMERICAN Society oF HEat- 
ING AND VENTILATING ENGINEERS of January, 1927, seems to have several advan- 
tages. Thus, the particles are considered in proportion to the square of their diame- 
ters and the results are fairly consistent. Personally, I have never tried the method 
but I believe that with a sampling on filter paper it would give the best results of 
any one known. 
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The weighing methods correspond closely to the theory but are very impractical, 
really to such an extent that we have decided to abandon them. Unless the weigh- 
ings are made with the utmost care consistent results cannot be obtained. Fur- 
thermore, the impingers or filter papers used for sampling must be kept in operation 
for such a long time that the dust holding qualities of the filters will have an influ- 
ence on the cleaning efficiency obtained. 

We are trying to develop an electric method for measuring, cleaning efficiency 
based on the difference in conductivity of clean and dusty air. This method will 
not agree perfectly with the theory but will permit instantaneous and direct read- 
ings of cleaning efficiency. 

As a summary we would recommend to the Society that the above settling ve- 
locity theory be considered in selecting a standard method and code for testing clean- 
ing efficiency of air filters. 

W. H. Carrer (Warirren): I have read with interest Prof. Rowley’s paper. 
The method used by Prof. Rowley in taking the change in the slope of the line is 
excellent. Unfortunately, it seems to show that there is no constant relation be- 
tween the slope and the initial resistance which would make this instrument reliable 
for quantitative analysis. 

There is, however, one very important requisite in a dust determinator for use 
in quantitative tests on air cleaners which has so far been entirely overlooked in 
most of the studies of dust determinators and, in fact, in most of the devices that 
have been gotten out. 

First: It must be recognized that there are three distinct types of solid impurities 
in the air which behave quite differently in relation to the persistance in the air and 
also as to the possibility of their elimination by mechanical impact, filtration or 
electrical precipitation. Dust particles are those which apparently are heavier than 
air. That is, no matter how fine they are they will eventually separate out by 
gravity and tend to a large extent to be removed by impact or by centrifugal effect. 

Second: There is what may be termed Fume, which is the designation given 
by Dr. Drinker in his studies of dust determination, which will separate out from 
the air by impact or filtration, but not by gravity. These are much smaller par- 
ticles than the so-called dust particles. 

Third: We have smoke which consists of almost ultra-microscopic particles and 
behaves very much as a gas in the air, although they are actually solid particles. 
These cannot be removed at all by gravity, nor to any great extent by impact, nor 
even completely by infiltration through filter paper, as may be proved by blowing 
cigarette smoke through a filter paper and noticing the cloud of smoke that passes 
through. A great proportion of the weight, of course, is removed. This consists 
largely of the heavy carbon particles and the condensible vapors together with the 
smoke particles which are precipitated with the condensation. The smoke can 
probably be removed most successfully by electrical condensation and precipitation. 
Now it is obviously quite foolish to test the removal of true smoke particles in an air- 
cleaning device which operates by impact. 

At the present time there is no air cleaner on the market which does not operate 
by impact, even cloth filters, which work the best after they have built up a slight 
film with filtration dust on their surface, probably operate primarily by impact be- 
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cause the interstices are such that they would allow any of the smaller particles 
through if it were not for impact on succeeding surfaces. We have no true filters 
like filter paper, nor would they be practical in an air installation. 

We have, it is true, electrical precipitation used in undustry which is understood 
to be exceedingly effective in respect to dust, fume and smoke. As I see it, Stand- 
ard air cleaners used in ventilation work can only be expected to remove dust, 
fume to some extent and smoke practically not at all. Cloth filters of close weave 
will remove both fume and dust almost perfectly but not smoke so it would seem 
rather folly to test these for character of impurities which they are not adapted to 
or intended to remove. For example, if you first remove all dust from the air and 
then add fume and smoke you would get a very poor showing for any commercial 
air-cleaning device (using an electric precipitator, or even a paper filter for deter- 
mining the percentage of removal). 

Viewed from another standpoint, there is always a defect in the filter resistance 
method of testing any types of air purifiers. I think it has been pretty clearly 
shown by Miss Ingels’ work that the resistance built up by dust or other impurities 
on the filter depends in a large measure on the character of the dust. Now most 
air purifiers are necessarily selective in their dust removal as has already been pointed 
out, easily removing the heavier particles and being less efficient in removing the 
smaller particles, especially such as may be designated as fume or smoke. 


Therefore, if you are to use two resistance tests, one on each side of a cleaner, 
you will be getting a resistance effect on one side due to one character of dust and 
on the other side of the cleaner a resistance effect due to an entirely different char- 
acter of dust. Therefore, the two tests are not at all comparable. For this reason, 
and for the other reasons given, I have always claimed that the filter resistance 
method is absolutely useless in testing the performance of commercial air-cleaning 
devices. 


One of the best services that Prof. Rowley’s committee can do is to either approve 
or disapprove this. A study of mere dust determination alone is entirely inade- 
quate for this purpose as I have just attempted to show. 


Theoretically, an impact cleaning device should have its efficiency tested by a 
device using the impact method, such as for example that outlined by Goodloe in a 
paper before the Society or by some other device of a similar character. The basis 
of comparison is most simply made on the basis of weight removal for at the present 
that is the only standard except the dust count which is generally comprehended. 
Of course, so far as a weight comparison is concerned the dust count method may be 
hardly comparable although it would be very interesting to set up some standard 
cleaning device using some standard type of dust and method of density production 
and using the three types of dust determinators for comparing the efficacy of 
removal. First, the impact weight method, second, the dust method, third, the 
filter resistance method. 


Then the character of the dust should be changed if possible and a similar test 
made. Of course, there should also be a use for the filter weight method and the 
electrical precipitation method. 

Primarily, as I take it, the committee conducting the tests should have two dis- 
tinct viewpoints in mind. 
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First: To define the function of commercial air-cleaning devices of different 
types and to recognize the limitations as to their performance. 


Second: To test various devices for determining dust removal with the object 
of selecting one which will most accurately and conveniently indicate the efficacy 
of such devices within the scope of their possibility. 


Third: To standardize the type of dust to be used in shop tests; for unless this 
is standardized and unless shop tests are made, there can be no standard of per- 
formance and no two tests under different conditions of dust density and dust 
character will agree. 


R. C. THompson (WRITTEN): It is rather an ungrateful thing to criticize a job 
which is admittedly only half done, as is the case in the work of Messrs. Rowley 
and Beal on Dust Determinators. I personally am extremely interested in this 
work and very glad that it is being done. I am also glad that they have picked on 
the A-A determinator for the extensive work which they are doing, but there are 
several features which I would like to see worked out of which there is no apparent 
mention. 

The studies made to date seem to be largely limited to setting an arbitrary unit 
of dustiness derived from the characteristics of the instrument at hand. This 
seems to me to be putting the cart before the horse. One should know first what 
one is trying to measure and then find out what the instrument is showing. 

In general there are two ways in which the concentration of one material in another 
may be expressed. The first is parts by weight, and the second, parts by volume. 
The third which I might mention here due to the fact that it is employed in so 
many determinators, is in particles of matter in unit volume or weight of the other 
material. Of course if all particles are of equal size or in a large number of samples 
the average particle is the same size, which is immediately reducible to parts by 
volume, or if the average particle is of the same weight it is reducible to parts by 
weight and, therefore, this expression is really a derivative of one of the other two. 

It seems to me that the thing we are primarily interested in on most jobs is the 
dust content of air in parts by volume. The A-A determinator is one of the few 
methods which is calculated to show this relation. Therefore, it would seem to me 
that the method of attack would be to measure the volume of dust introduced into 
the air by the dust mixer and then see what relation the increase and decrease of 
this volume bears to the readings taken by the determinator, especially studying 
the effect of the varied range of particle sizes. In this way units could be selected 
which will have a physical concept in back of them rather than purely arbitrary 
constants which have little or no meaning aside from the instrument by which they 
are measured. Such a procedure also has the advantage of producing readings 
which can be correlated with readings made by other methods and other instruments 
a thing which is almost impossible with a unit based upon the characteristics of 
one individual instrument. 

Another thing which I would like to mention, although it is doubtless in the minds 
of the experimenters is the fact that in the field we are confronted with very small 
and very variable dust loads and what, above all, we wish to know is first, what 
dust load is permissible in air used for various specific purposes such as ventilation 
of offices, ventilation of electrical equipment, drying food stuffs, etc., and second, 
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what dust loads will be carried in the air, drawn through various types of air- 
cleaning devices when the incoming air is of a given quality. Furthermore, the 
apparatus to do this must be simple enough to be operated by a reasonably good 
engineer not specializing particularly in this work; sensitive enough to give read- 
ings within a reasonable limit of error on the very light dust loads which are met in 
the average ventilating job; inexpensive enough so that the architect or consulting 
engineer can afford to own it, and lastly, the instrument must be portable so that 
it can be used on installations in the field. 

These are stringent requirements, but they are requirements which must be met 
if we are going to have a code for testing air filters which will be of real value in the 
practical selection of air-cleaning devices. 


Proressor Rowteyr: I think the work is fairly well presented in the paper and 
represents a progress report of the research on one of the dust determinators. Sev- 


eral of these are to be used with the hope of reaching some conclusion as to the 


proper method of measuring dust in the air. The important part as far as the com- 
mittee is concerned is to get constructive criticism on the method, or suggestions 
of any other methods available. Much of it might preferably be written so that 
the committee can have it to go over and make the most of. 
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No. 813 
METHODS OF AIR DISTRIBUTION 


By L. L. Lewis,! Newark, N. J. 
MEMBER 


T IS natural, at the present time, for any discussion of the subject of air dis- 
tribution methods to turn to the problems met in the designing of air 
conditioning apparatus for theatres and auditoriums. 

Given a room, the four walls and ceiling of which are plain, unbroken surfaces, 
an evenly distributed heat loss or gain, and the freedom to run ducts without 
regard to appearances, the problem of perfect air distribution becomes a simple 
one. At the other extreme, such as is met in an elaborately decorated theatre, 
the results obtained in many installations show that there is yet much to be learned. 
It is plainly the duty of the architect to reduce the wasted space behind furred 
walls and hung ceilings to the minimum, and it is also plain that in many cases the 
limitations so imposed are beyond those with which the engineer is now prepared 
to contend. 

Complete cooperation of engineer and architect through a sympathetic under- 
standing of mutual problems is essential to complete success. 

It is best to begin with the admission that the air handled by the fans stead- 
fastly refuses to recognize the authority of all of the trained arrows which are placed 
on the blueprints to show it where to go. 

Returning to the room with four square walls it becomes evident that one more 
feature is desirable for perfection. The duct, through which the air approaches 
the first outlets, should run straight and square for such a length that the flow 
will be uniform over the entire cross section of the duct. The turbulence caused 
by a poorly designed elbow, offset or conversion section, may not only spoil an 
otherwise perfect outlet, but also cause an unnecessary loss of pressure and an 
appreciable contribution toward an objectionably noisy system. 

Humidifying, as it grew out of factory or industrial heating, became the first 
phase of air conditioning. The humidifying system required the first large de- 
velopment of the dual distributing system; that is, a single system of ducts and 
outlets which would distribute either hot or cold air equally well. The hot air 
was easy to distribute because it was lighter than room air and had a natural ten- 
dency to float overhead and spread in all directions. The cold air being heavier 
than room air had to be spread mechanically, otherwise it would fall or spill to 


1 Secretary, Carrier pagineitins Co Corp., » ami N. J. 
Svematete at the Semi-Annual Meeting of the AMERICAN SocrgTy OF HATING AND VENTILATING 
Enornegrs, West Baden, Ind., June, 1928. 
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the floor at a velocity and with a disturbance, both of which increased as density 
of the air delivered became relatively greater than that of the room air. 

While this problem now seems simple, many mistakes were made in the first 
systems. The first occurred in the old heating outlets, an inheritance, such as 
in Fig. 1. This outlet was part of an exposed duct system in a rectangular room, 
as shown in the upper left margin. The blow ordinarily was from 60 to 80 ft. 
and at an angle of 45 deg. forward. The velocity by which the area of the outlet 
was calculated ranged from 600 to 1200 ft. per min. 

Such a system was quite satisfactory for distributing hot air, but with the 
cool air required for humidifying, a great many troubles soon appeared. 


This outlet was very sensitive to duct velocity and to the direction of approach. 
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Fic. 1. Op StyLe OUTLETS OF AN ExPosED 
Ducr System | 


Fic. 2. MoprricaTion oF OLp OUTLET 


The directional arrow meant nothing to the air which, when the axis of the cus- 
tomary damper was horizontal, would tend to parallel the duet. Beyond and 
near an elbow the outlet on the inside of the duct will become an inlet because 
of the vacuum created by the uneven flow as the air stream swings to the far 
side. The companion outlet on the far side would receive full velocity and pres- 
sure and deliver a volume of air far in excess of its intended rating. 

When this was corrected by adjusting the dampers, the velocities through the 
restricted openings were greatly increased and frequently the air currents were 
deflected downward either directly or indirectly by some inconvenient beam, 
girder or column. The remedy for this was complete closure, which in turn in- 
creased the static pressure in the duct and brought another outlet into the trouble- 
some class. The progressive action thus started, has in many instances done 
great harm to air conditioning. ; 

The intensity of such trouble was usually in some direct relation to the volume 
of air per outlet and in some indirect relation to the length of the outlet. By greatly 
increasing the number of outlets and so lengthening them that a definite control 
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of air direction was assured, good results could be obtained, but at considerable 
cost. A modification of this outlet used in greater numbers and on a longer duct 
is shown in Fig. 2 though this was no better than the other. 

In distributing cool or cold air, better results have been obtained by spreading 
the air fan shaped overhead and having it descend gently by virtue of its greater 
density. This principle has been well carried out in a multi-port outlet, a dia- 
grammatic view of which is shown in Fig. 3. 

The outer halves of the deflecting vanes are stationary. The inner halves are 
hinged to the outer and so linked that they serve the double purpose of dampers 
and deflectors. Such a design permits the use of duct velocities and static pres- 
sures fatal to the plain outlet, because of the relatively great length of the passage 
from the duct to the point of delivery. ‘In ordinary practice, the leading vane 
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Fic. 3. D1aGRAMMATIC VIEW OF MULTI-PoRT 
OUTLET 


can be made to deflect the air through an angle of 135 degrees from the center line 
of the duct in which case the air actually follows the arrows. 

In theatres there are two widely different types of distribution, the up-system 
and the downward-system. 

The up-system, in the practical application of which air is delivered at the 
floor line, was developed first. Coming from a plenum or ducts beneath the 
floor, the air is deflected horizontally by mushrooms or aisle hoods and occasionally 
by registers in the rise of the steps forming the various levels in the balcony. Upon 
leaving the floor level, the flow is upward to exhaust or return openings, which are 
conveniently located overhead. 

Such a system is good for heating and may be satisfactorily used for ventilating 
with tempered air, but is unsatisfactory for cooling. The degree of this failure 
may be better understood when it is known that in the average theatre, cooling 
is required in midwinter when about three-quarters of the seats are filled. Even 
when heating, the up-system fails to create circulation, that third important 
quality, and leaves the air dead in the theatre. 

The difficulties in delivering cold air with this system are obvious. A certain 
amount of heat must be absorbed if satisfactory temperatures and humidities are 
to be maintained. If the cost of the system, the power and steam required for 
operation and the space for apparatus and ducts are all unlimited, then such air 
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volumes may be delivered as to keep foot temperatures and head temperatures 
within suitable limits, but such is rarely, if ever, practicable. A full appreciation 
of the appeal of the picture and the attraction of the theatre is possible, only to 
the close and interested observer, who spends enough time to note that not a few 
regular patrons come prepared with paper and what-not with which to insulate 
their feet against the cold streams of air that hug the floor. 


The balcony slope adds certain complications. In a number of recent designs, 
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the tendency of the lowest mushrooms to deliver the greatest volume has been 
overcome by an elaborate subdivision of the balcony plenum. This, however, 
still leaves a portion of the orchestra exposed to a spill of cold air, which cascades 
down the balcony slope because of its greater density. 

The first attempts at cooling with refrigeration during the summer months 
were made by simply adding a direct expansion surface air cooler to an up-system. 
These were important steps in the development of theatre cooling and a valuable 
contribution. Vastly improved summer conditions were obtained with installa- 

















Witaa 


Meruops or Arr Distrisvution, L. L. Lewis 495 


tions that were considered successful, but which served more than anything else 
to prove that the up-system was not suitable for cooling. 

The public was soon to learn that comfort in summer as well as in winter could 
be provided upon demand. As a result, the up-system has been generally aban- 
doned for all high-grade cooling installations. 

While the downward system is by no means new, it is only during the last few 
years that the use of refrigeration for cooling has brought it forward for intensive 
study and development. This system first appeared as a sidewall outlet heating 
system. For the small, narrow movie theatre this worked quite well and was 
considerably less expensive than the up-system, because the expensive plenum 
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Fic. 6. System oF RgAR WALL DISTRIBUTION 


was not required even if space for it was available. Some ingenuity of design 
was required to heat successfully with downward circulation for it was necessary 
to exhaust the cold air from the floor level. It was discovered that an elaborate 
mushroom exhaust system was by no means necessary. 

As theatres grew larger and incidentally wider, the deficiencies of this system 
became apparent and now the reasons are obvious. 

Increasing the width of the theatre increases the length of the blow from the sup- 
ply outlets. The length of blow obtainable increases with the volume of air 
delivered from a single outlet, the velocity of delivery, the height of the outlet 
above the floor and, to some slight degree, with the relative density of the air de- 
livered. Whether the approach to the outlet is from above or below, the delivery 
must be sufficiently horizontal to avoid striking either the people or a deflecting 
obstruction on the ceiling. Depth of outlet is required to obtain this deflection 
and the engineer must in this case agree with the architect that shallowness is 
essential, both for the conservation of sidewall space and for appearance. 

These two things are, therefore, in direct conflict and the result is an outlet 
such as is shown in Fig. 4, which was selected from a set of plans just recently 
sent out for bids. The volume, 7000 cu. ft. of air per min., is ample for any 
blow that might be required. Note the four arrows. The engineer has passed 
his responsibility on to the contractor, and with these four arrows indicates that 
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the flow through the grille is to be horizontal in direction and of uniform velocity 
from top to bottom. 

There are no conceivable baffles or guide vanes of sufficient depth to deflect the 
air horizontally from this outlet and, at the same time, shallow enough to permit 
the down-coming air to pass to the lower part of the grille. 

What actually occurs is shown in Fig. 5. Note that a fifth arrow indicates 
that under the influence of the enlargement in cross section, a small volume of air 
is drawn into the outlet which later emerges and joins the downward flow toward 
the bald heads of the audience. 


Fortunately, there is a partial remedy. If the back of the grille is cut off so as 
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Fic. 7. CHARACTERISTIC Usg or CEILING GRILLES 


to build up the outlet velocity and grille resistance, the direction of flow will ap- 
proach the horizontal. But to obtain proper direction, the velocity through the 
openings must be several times the velocity of approach, which would result in a 
noisy outlet. 

It is interesting to note that at an outlet, room air is drawn into the stream and 
mixed with it, resulting in an induced secondary circulation and raising the tem- 
perature of the air stream by dilution. As the outlet velocity is raised, this effect 
increases in relation to the kinetic energy of the stream, and a whirl or circulation 
is created with a horizontal axis. 

The result, at velocities sufficient to blow half the width of the average 2000- 
seat theatre, is apt to be a return current along the breathing zone back toward 
the outlet. While less sensitive than the back of the neck, the side face is sensitive 
to a degree that makes such circulation decidedly dangerous. 

Sidewall distribution, therefore, becomes increasingly difficult as the width of 
the theatre increases and space at the sidewall is increasingly conserved. 

Relief from troublesome drafts is not to be had with low outlet velocities, but 
rather with velocities from outlets which will give control both of the direction 
and the intensity of the induced circulation. This has been effectively demon- 
strated in a rear wall distribution in which extraordinarily high velocities from 
outlets, unobstructed by grilles, carry cold air well over the heads of the audience 
to induce a return circulation in the opposite direction in the breathing zone. 
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A vigorous circulation is possible with this method, because the return current 
flows uniformly into the faces of the audience. 

With this system contraction of the jet issuing from a converging nozzle draws 
large volumes of room air into the stream thereby warming or cooling it by dilu- 
tion. The high velocities induce a large secondary circulation. Note the arrows 
in Fig. 6. 

It is a difficult system to design as the size of the outlets and outlet velocity 
must be adjusted to the blow, which is quite sensitive to both. The subsequent 
interposition of a beam or an ornament by the architect or the failure of the en- 
gineer to discover such an obstruction is dangerous. Outlets that are too large 
or velocities that are too high are bad, but even worse is a low velocity which 
allows the air to spill before completing its intended travel. 

Unfortunately for the downward circulation, a great many large ceiling grilles 

















Fic. 8. Coon Am IntTRopucED at HicH Points 


have been used as outlets. The one shown in Fig. 7 is characteristic. The ceiling 
may be flat or slightly curved. The grille has a lattice or filagree pattern. Ordi- 
narily, the clear area for air delivery varies from 40 to 60 per cent of the gross 
area. 

The box may be a cone or a pyramid with air fed to it downward vertically from 
a drop pipe. Occasionally, something similar to the tuyére ring on a blast furnace 
feeds air, presumably from all directions. Outlet velocities are indicated by arrows 
and noted as ranging from 100 ft. per min. upwards. 

Regardless of what the outlet velocity may be, such a ceiling grille cannot be 
successfully used as an outlet of a cooling system unless some means of horizontal 
deflection is provided, or unless they are made small in size, large in number and 
uniformly distributed. 

In cooling a theatre, it is necessary at times to deliver air at temperatures 10 
deg. below that in the theatre. If 75 deg. fahr. and 60 per cent is to be maintained 
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Fic. 9. APPLICATION OF PAN OUTLET FOR 
Coip Am DIstTRIBUTION 


in the theatre, air must be delivered at 65 deg. fahr. and 75 per cent. The 


weights per cubic foot are: 
65 deg. and 75 per cent air 0.0744 lb. 
75 deg. and 60 per cent air 0.0729 Ib. 
The difference is 0.0015 lb. 


Ceiling heights of 60 ft. are very common in theatres and if a cubic foot of outlet 
air weighs 0.0015 lb. more than a cubic foot of room air, the difference in the weight 
of the two 60-ft. columns, 1 ft. square, is 0.09 lb. This difference is equivalent to 
a pressure of 0.018 in. water gage. The air velocity corresponding to a head of 
0.018 in. of water is 540 ft. per min. 

Therefore, regardless of how low the velocity at this grille may be, the core of 
any air column not small enough to be completely dissipated before reaching the 
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floor line will reach the floor line at a velocity of 540 ft. per min. The air flow 
will be something like the arrow in Fig. 8. 

If the ceiling is 80 ft. above the audience, our bald-headed friend will be struck 
with a column of cold air moving at a velocity of 620 ft. per min. - 

Such velocities are, of course, fatal to the satisfactory operation of the system 
in any manner except as a heating system. Cold air may be blown straight down- 
ward, but only in such small volumes per outlet that the core will become com- 
pletely diffused into room air before reaching the breathing zone. 

Circulation is highly desirable when it is under complete control and its tem- 
perature is first equalized with that of the room at all delivery temperatures. A 
movement of 150 ft. per min. in the breathing zone is permissible. There is no 
combination of temperature and humidity which can give satisfactory conditions 
unless accompanied by proper air motion to remove the body film and to give 
life to the air. 

In using downward circulation with what has become known as the pan outlet 
system, it is practical to use a reasonable number of outlets and to increase the 
air per outlet accordingly. Having been developed for the delivery of cold air, 
this method has proved the most practical and is being widely applied. 

The simplest application is shown in Fig. 9, in which the impact of the descend- 
ing air current is taken by a screen of such restriction as to permit a part of the 
air to pass through and to deflect the other part horizontally. The screen may 
be omitted, but then the pan must be dropped farther below the ceiling. In a 
new theatre a somewhat more artistic design, as in Fig. 10, makes it possible to 
keep the pan closer to the ceiling line. It would be more accurate to call this a 
horizontal diffusion system for a good horizontal diffusion is essential to a successful 
application. 

In concluding, the author desires to express his appreciation of the helpful advice 
and suggestions which have come from W. H. Carrier and from many of the 
men with whom he has the privilege of being associated. 

His conclusions are: 

1. That the engineer should place less dependence on the arrows in front of the 
grille and more upon his details of the necessary deflection vane behind it. 

2. The engineer should educate the architect to a more complete understanding 
of the danger of placing deflecting surfaces or obstructions in the path of the air 
leaving the outlets. 

3. That much is yet to be learned about air distribution through research and 
experiment as a very large part of our present knowledge is in the form of personal 
opinion. 


DISCUSSION 


B. 8. Harrison (Writren): In reading over Mr. Lewis’s paper, it occurred to 
me that the chart shown, Fig. A, might be of interest. 

In setting up for test on a diffusing air nozzle, the object of the test being to 
ascertain the carry of the air, and plotting same velocity against distance from 
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nozzle—the rig was inadvertently placed where a ceiling beam was in direct line of 
discharge. The result was the curve of path of maximum velocities. A surprising 
result of test was the zone of no air motion. The tests were made with a Bacharach 
sensitive ventura pitot instrument which gave velocity readings down to about 
50 feet per min. with accuracy. 


L. A. Hanptne: This is a subject many of us are interested in and the paper 
brings out a fact that we have frequently observed in air-cooled theatres. I 
should like to ask Mr. Lewis if it is his practice to design the improved type of 
outlet employed in industrial work on a basis of static pressure in the main at the 
point where the outlet is heated and if that is true, would it not be necessary for the 
engineer to have some knowledge of the friction pressure loss through this type 
of outlet before he can intelligently use it? If that is so, would not the paper 
have a little more value to the industrial engineer if some actual figures were given 
so we could use this type of outlet and know what we are using? 


L. L. Lewis: I think it would, Mr. Harding, but the viewpoint which I took 
was rather elementary. There seemed to be so many interesting features which 
seemed to center upon the delivery of the air of greater density than that of the 
room, that it would be well worth while to consider that only. 


Answering your question regarding the outlet, the best practice is to design a 
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duct system in which the loss in each successive run is taken care of by the conversion 
of velocity into static pressure. The outlet will not work satisfactorily where the 
velocity in the duct is extremely high, the top limit being slightly above 2500 
ft. per min.; the static pressures required are very low. 

The experience of Mr. Harrison is quite interesting. Its value is appreciated, 
because it is another bit of evidence to show the importance of the complete coopera- 
tion of engineer and architect not only in the installation of the air-distributing 
system but, also, in the elimination of interferences either in building construction 
or interior decoration. 




















WLM 


No. 814 


REFRIGERATION AS APPLIED TO AIR 
CONDITIONING 


By R. W. Warerriu,! Newark, N. J. 


NON-MEMBER 


the adaptation of refrigeration, as formerly applied to ice making, to the 

more recently developed field of dehumidifying and air conditioning. It 
would, therefore, seem pertinent to compare the characteristics of the many 
developments available. 

From an energy standpoint, refrigeration is the elevation of a given quantity 
of heat from one temperature level to a higher temperature level. In any given 
installation made for a fixed duty, the low temperature level is a specific and con- 
stant value, depending on the purpose and requirements of the installation. The 
high temperature plane to which the heat is to be pumped is the variable, which is 
governed by the character of the natural forces, which are used to remove the heat 
at the higher plane, and the extent to which these natural forces are consumed. 
The factors which fundamentally govern the ultimate temperature head at which 
the total heat involved must be disposed of, constitute the initial temperature of 
the cooling medium or condenser water, the quantity of condenser water used, 
and the efficiency of the condensing surface in removing the heat from the refriger- 
ating medium with the lowest possible temperature difference between the refriger- 
ant and the condenser cooling water. The power required to produce a ton of 
refrigerating effect with any refrigerating medium in any system, increases with 
the saturation temperature difference between the condenser and cooler vapors. 


Refrigerating Requirements of Air Conditioning 


Air conditioning, including dehumidification, passed out of the experimental 
stage long ago and has seen many instances of successful application within various 
industries. 

While the refrigerating requirements for air conditioning involve the same basic 
principles as for other refrigerating work, there are differences which make it 
desirable to treat air conditioning refrigeration from a different point of view than 
that considered in ice making or other low temperature work. The differences are 


Tite PURPOSE of this paper is to point out the developments in progress for 
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primarily that air conditioning refrigeration requires very large heat capacities, 
which need be handled only at low temperature heads. Ice making and other 
low temperature work ordinarily require that the heat be pumped through a much 
greater temperature range. The analogy to which this might be compared is the 
use of fans for handling large volumes of air at low pressure differences, as against 
compressors designed to handle small quantities of air but at relatively high com- 
pression ratios. 

Air conditioning applications may be divided into two general classes. The 
first of these is industrial or process conditioning where the refrigeration is employed 
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for the purpose of maintaining low temperatures or relative humidities or both, 
for the improvement of the product under process of manufacture, or making the 
manufacturing process independent of climatic conditions. The refrigeration for 
this phase of air conditioning may be required to produce temperatures anywhere 
from normal summer conditions, down to zero degrees, or even less. The majority 
of cases in this class of work, however, will fall in the temperature range requiring 
cold water or dew-point temperatures from 35 to 60 deg. fahr. 

The second major application of refrigeration to air conditioning is that em- 
ployed in auditoriums or other places of public assemblage. The purpose of this 
refrigeration is to provide comfort for the patrons of the auditorium. This field 
of air conditioning is large and has become very important both from the stand- 
point of its benefits to the public and to the promoters of public enterprise. The 
range of cold water temperatures or dew points to be maintained for this purpose 
is fairly narrow and well defined and as employed may be considered to be covered 
in the range of 40 to 55 deg. fahr., though the best results are generally secured 
with a dew-point temperature of about 50 deg. fahr. 

In either of the applications it is desirable to have equipment which will produce 
the results efficiently and with the minimum attendance. This efficiency should 
be easily maintained throughout the life of the equipment at approximately that 
demonstrable when the equipment is new and first installed. For economy of 
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operation and satisfactory maintenance of atmospheric conditions, it is also de- 
sirable that the equipment permit of automatic regulation of a constant cold-water 
temperature. 

For air conditioning where cold-water temperatures above the freezing point of 
fresh water are permissible, the most efficient method of heat transfer is by direct 
spray of the refrigerated water into the air current. This gives a very efficient heat 
transfer surface so that air may be cooled approximately to the temperature of the 
cold water leaving the spray chamber. This method of heat transfer combined 
with an efficient cooling surface for the refrigerated water permits of the main- 








Fic. 2. Spray Type DEHUMIDIFIER 


tenance of dew points very close to the temperature of the refrigerating medium on 
the low side of the refrigerating system, a condition essential to operating economy. 


Refrigerating Mediums 


Refrigerating fluids are merely heat-carrying mediums which, during their cycle, 
absorb heat at a low temperature level, are compressed by a heat pump to a higher 
temperature, where they are able to discharge their absorbed heat together with 
that added during the pumping, to the condenser cooling water. The ideal re- 
frigerating medium would be one which could discharge to the condenser all the 
heat which it is capable of absorbing in the cooler. 

All refrigerating mediums, however, carry a certain portion of the heat from the 
condenser back into the cooler and thus reduce the heat-absorbing capacity of the 
medium on the low side of the system. This portion constitutes a floating heat 
quantity which requires work in pumping it back to the high temperature plane, 
but is of no value since it produces no refrigerating effect. The efficiency of the 
refrigerating medium is thus dependent upon and reduced by this floating heat 
quantity. Fluids which are completely condensable on the high side are more 
nearly ideal in this respect than dense gases, like dense air for instance. Another 
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generally reliable index of the relative efficiency of the completely condensable 
fluids is how far removed their critical temperatures are from their normal oper- 
ating range. Of course in selecting a medium its characteristics of volume, pres- 
sure and chemical activity must be considered in conjunction with vn refriger- 
ating mechanism. 


TABLE 1. Puysicat PROPERTY RELATIONS OF VARIOUS REFRIGERATING MEDIUMS 


Carbon 
Ammonia, Dioxide, Carrene, Dieline, 
NHs CO: CH2Cle C2HeCle 
Critical temperature ° F. 271 88 421 450 
Latent heat (r) at 35° 540.5 97.8 155.6 135 
Specific heat liquid {2 at 80° F. 1.10 1.33 0.34 0.27 
Specific heat vapor (C,) 0.52 0.20 0.154 0.162 
Ratio r/C, (relative superheat losses) 1040 489 1010 833 
Ratio C/r (relative losses at expansion 
valve) 0.00203 0.0133 0.00218 0.002 


A large number of refrigerating mediums have been investigated, proposed and 
used to some extent. These might be listed in general as air, water, carbon dioxide, 
nitrous oxide, ethane, propane, butane, isobutane, ammonia, methyl chloride, 
ethyl chloride, sulphur dioxide, ether, carbon bisulphide, carbon tetrachloride, 
dieline, trieline, carrene. 

The four most important of the refrigerating mediums, in machines of five tons 
and larger, are ammonia, carbon dioxide, dieline and carrene. These refrigerants 
cover all the variations employed in the general compression refrigerating systems. 


NOTES FOR TABLES 2 AND 3. 


The Progressive Development of Carbon Dioxide Refrigerating Methods, J. C. Goosmann, 
Refrigerating Engineering, December, 1927. 

? Data obtained from Bureau of Standards Circular No. 142, on cmepis pro: i Power 
and displacement determinations viously published in detail by, pa . Motz, The Compression 
Refrigerating Cycle, Refrigerating ~ agg hp Vol. 9, No. 9, 5 

* Calculations J pow by Mollier m compiled b H. j. Macintire in Marks’ Handbook, 
yeas. The theoretical cycle rome om hh oy calculation are further given by J. C. Goosmann, Factors 

the Liquefaction of Carbon Dioxide, Lee Engineering, July, 1927. a the figures 
given int in Tables 2 and 3, the temperature of the refrigerant CO: is considered subcooled ° below the 
condenser saturation pressure in counterflow double pipe condensers. This is pmo Fag done in the 


best practice 
4 Internal P: , Vapor P: and aa Data of Many Non-associated and Associated 
Liquids, fs Schuster, Z. Anorg. Allgem. Chem., 1925. 
R.E. Circular No. 9, p. 50. 
Se pressures recommended by J. C. Goosmann, Factors Governing the Liquefaction of 
Carbon oxide, nheijrigerating Engineering, July, 1927. 


a a, ton 10° liquid subcooling before expansion va‘ 
: a —— uid amon and Multiple Effect - ny IV cultiple Effect principles and 
tion descri 
chines, Fae cies 





opera 
by Gardner T. Voorhees, Ice and Refrigeration, 1921, and the book, Refrigerating Ma- 

bsor ption, by G. T. Voorhees. 

condenser pressures with 10° note subcooling. 
© The actual brake ers uired in the above 4 — about 50% greater than the 
aman = except for CO: in umn 8. nder this condition of operation, a slightly greater per cent 
increase for the actual above the theoretical horsepower may be expected, due to the fact that the 
eos Effect equipment — effect its economies without some oeees. 
For further comparisons of refrigerating fluids see Comparison of Thermodynamic Characteris- 

5 ha of Various Refrigerating Fluids, by W. H. Contes a1 and R. W, Waterfill, Refrigerating Engineering, 

une, 1924. 
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THEORETICAL HORSEPOWER ONE TON OF REFRIGERATION 
SucTION TEMPERATURE 20° F.—CoNDENSER SATURATION TEMP. VARIABLE 


TABLE 2.* 
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(C2H2Cls)§ 
Suct. Pressure, 
27.3 Inches Hg. Vacuum 
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‘THEORETICAL HoRSEPOWER ONE TON OF REFRIGERATION 
SuCTION TEMPERATURE 35° F.—CONDENSER SATURATION TEMP. VARIABLE 


TABLE 3.* 


Suct. Press., 


(CeHeCls)§ 
26 Inches Hg. Vacuum 


18 


& Ori 
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(CH2Cls)¢4 


Suct. Press., 


24 Inches Hg. Vacuum 


13 


15 











(COx) 
Suction Pressure, 511.7 Lb./Sq. In. (ga) 


12 





10° 
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(NHs)? 
Suct. Press., 


51.6 Lb./Sq. In. (ga) 
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* For notes see p. 506. 
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All of the other refrigerating mediums have been employed in efforts to overcome 
some of the minor disadvantages which have appeared in previously employed 
substances, or to meet special applications. These other refrigerants in general, 
. however, have introduced, in the main, disadvantages far in excess of the advan- 
tages. 

Ammonia is a very efficient and workable fluid usually employed in piston type 
or positive displacement compression machines, though it has been used to some 
extent in centrifugal machines of very large capacity. The working pressure 
range for air conditioning is approximately 30 to 50 lb. gage on the low side, and 
180 to 225 Ib. gage on the high side. 

Carbon dioxide is the only medium employed in piston compression systems, 
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which has sufficiently marked safety advantages over ammonia to warrant its 
substitution, where safety is the chief concern. As compared to the latter, how- 
ever, it has some disadvantage in the basic efficiency of its thermodynamic cycle 
owing primarily to its low critical temperature of 88 deg. fahr. Its working pres- 
sures range from 400 to 1400 lb. per square inch gage. 

Dieline and carrene are only applicable in non-positive types of compression 
systems. Both of these refrigerants are water-white liquids at normal atmos- 
pheric conditions, and may be handled freely in open containers very much as water 
is handled. The working pressures on both sides of the system are below atmos- 
pheric; that is, the entire cycle of the fluid is completed under vacuum. Working 
pressures are dieline 27 in. Hg. to 10 in. Hg. vacuum and carrene 26 in. Hg. to 
3 in. Hg. vacuum. 

Dieline is slightly combustible when ignited with a flame, but the products of 
combustion will generally blanket and extinguish the flame. Carrene, which 
may be interchangeably used in the same refrigerating system, is non- 
combustible. 
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Some very interesting, though general, deductions regarding the behavior of 
vapor refrigerating mediums in compression machines can be obtained by com- 
paring their physical property relations, asin Table 1. The nearness of the critical 
temperature to the operating range may be taken as an index of what losses might 
be expected in the working cycle of the fluid at the expansion valve. A further 
ndication of the losses at the expansion valve is given by the ratio C/r, or spe- 
cific heat of liquid divided by the latent heat. The ratio of latent heat to specific 
heat of the vapor, or r/C>, indicates the relative magnitudes of the cycle losses 
due to superheating during compression. 

It will be noted that the relations for ammonia, carrene and dieline are fairly 
close in every respect, except critical temperatures. Carbon dioxide has quite 
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a low critical temperature and it would thus be expected that relatively high 
losses would result at the expansion valve. This is further borne out by the C/r 
relation, which indicates that this loss is about six times that of the other fluids. 
Recent improvements in equipment have reduced this loss materially, and these 
improvements contribute to the results for CO:in Tables 2 and 3. On the super- 
heat side of the cycle, however, the loss is fairly low, being approximately 50 per 
cent of that for the other mediums. These relations are only approximate, being 
given here to illustrate the general vapor laws. 


Tables 2 and 3 give the expected theoretical horsepower requirements per ton 
of refrigerating capacity for the two saturation suction conditions of 20 and 35 
deg. fahr. The table is based on varying saturation condenser temperatures from 
80 to 100 deg. fahr. The corresponding working pressures for the different fluids 
are given, together with the theoretical horsepower requirements and per cent 
capacity, based on constant displacement. One hundred per cent capacity is taken 
at the low condenser saturation temperature condition of 80 deg. fahr. The capacity 
reduction is due directly to the decrease in refrigerating effect per cubic foot handled 
with the increasing condenser temperatures. The horsepower is that per ton 
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throughout. The method of calculation is standard for the adiabatic cycles and 
the results are derived from the most authentic physical properties data at present 
obtainable. 

Carbon dioxide, due to the fact that its critical temperature is close to the working 
pressure, presents a very unique cycle. In view of its many interesting possi- 
bilities and variations the CO: cycle is given more in detail. Unlike the other 
refrigerating mediums, the condenser pressure in the carbon dioxide cycle is not 
determined by the condensation temperature. For this reason, J. C. Goosmann® 
recommends certain pressure conditions for super-charging the condenser at differ- 
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ent temperatures. These super-charge pressures have been used in Column 5 
and give the power and capacity results of Columns 6, 7,8 and 9. It is desirable 
to operate at approximately these pressure conditions as they give the best per- 
formance of power and maintained capacity for the system. An automatic valve’ 
for maintaining the operation of the CO: machine on these suggested temperature 
pressure relations has been described by Mr. Goosmann and should prove quite 
valuable in CO, plant operation. 

With double pipe counterflow condensers it is possible to subcool the refrigerant 
below the saturation condenser pressure. Column 6 is based on subcooling 10 


1,6 See page 506. 
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deg. fahr. below the saturation pressure and probably represents the theoretical 
power requirements of the average installation. 

Further gains on this cycle can be secured by operating with a multiple effect 
system. This was described several years ago by Gardner T. Voorhees.* The 
theoretical results obtainable from this method of operation are given in Column 
8 and compare quite favorably with those for ammonia and other refrigerants, 
showing what can be done with a medium like CO2, when properly installed and 
operated. 

The decrease in capacity due to high condenser pressures, as given in Column 9, 
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is quite small. Of course for this method of operation there is the efficiency of the 
multiple effect devices to be considered in addition to the compression efficiency. 

Columns 10, 11 and 12 indicate what the performance of the system might be 
without proper condenser pressures, emphasizing the advantages of correct oper- 
ation. The horse-power figures of Column 11 compare favorably with those of 
Column 6, the reason for this being in the 10 deg. subcooling of the liquid before the 
expansion valve. Mr. Goosmann, of course, has based his supercharge pressures 
on a simple cycle without liquid subcooling, in which case the advantages of super- 
charging would be more apparent. 


Refrigerating Mechanisms 

For the conversion of energy in the various forms of useful work, machinery 
has been evolved and carried through various stages of development and improve- 
ment, with the object of increasing its efficiency, simplicity, dependability and auto- 
matic performance. History shows that, in general, piston type engines, pumps, 
compressors, etc., were the first developed. Later centrifugal, or free rotating 
units were devised and soon established themselves. These are the steam turbine, 


® See page 506. 
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centrifugal pump, centrifugal fan, centrifugal blower and centrifugal compressor, 
as well as electric motor. The piston type machine and the centrifugal, or free 
rotating type machine each, in general, have their preferred field of operation. 
As a general rule, the centrifugal unit is best adapted for fairly large sizes and 
relatively low pressures, while the positive piston type machine finds its field of 
usefulness in smaller capacities and high operating heads, i. e., ventilating fans 
contrasted to compressed air garage pumps. 

In the present state of development it would seem that centrifugal machines are 
commercially applicable only to the larger capacities, and certainly not below 
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about 50 tons in a single unit. For all smaller capacities, positive compression 
machines have inherent advantages in first cost and, to some extent, in operation. 
In the smaller capacities, centrifugal machines must either increase in speed or 
else operate at reduced efficiency. In the small positive compression machines 
an increase in speed is desirable and there is but little disadvantage in efficiency in 
the smaller sizes. There are many other considerations determining the type of 
compression to be employed, as, for example, whether a steam engine or steam 
turbine drive is preferred in steam driven units. It is obvious that a centrifugal 
type of unit is not adapted for steam engine drive and conversely positive com- 
pression is not so well adapted for steam turbine drive. 

While the majority of refrigeration installations for air conditioning are of the 
compression type, there are still employed a number of ammonia absorption units. 
This is one of the oldest methods of refrigeration and has found favor where large 
quantities of waste heat in the form of low pressure steam are available. 
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Absorption systems, however, have been little used in air conditioning work as 
they are best adapted to low temperatures. Increased back pressures occurring 
in air conditioning work do not give the advantage in this type of equipment that 
they offer in the positive compression machines, and the cost of the absorption 
system in general is more than for compression systems. It is quite possible, 
however, that for small units the absorption system may find increased favor as 
it has possibilities of automatic operation and freedom from moving parts that 
cannot be obtained in the compression system. It is particularly well adapted 
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where low pressure steam is continually available, or gas may be used as a fuel for 
operation. 

In addition to the older type of ammonia absorption machines, there are two 
new types of absorption machines coming into use. One is the hydrogen filled 
machine now in use only in gas-fired household refrigerating machines, and the 
other is an absorption machine using solid absorbents, such as silica gel. Both of 
these systems have possibilities for further development. There is also a system 
being developed which is gas-fired but which is not an absorption machine. It is 
really a compression machine using mercury vapor as the ejector medium. This 
machine uses water vapor as the refrigerating medium. It is quite possible 
that one or more of these systems will eventually be developed for the cooling and 
air conditioning of our homes in summer, and for other places where only relatively 
small quantities of refrigeration are required. 

The piston compression machines were first employed in the latter half of the 
nineteenth century. They are generally connected to baudelot coils or bunker 
coils on the low side, for air conditioning. The baudelot coil construction shown 
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in Fig. 1 consists of a series of pipes made up to form a vertical coil or stand. 
Several of these stands are placed together to form a bank, the number of stands 
required depending on the capacity of the installation. These coils are placed in 
an insulated room with a water tank at the bottom. The water to be cooled is 
distributed by drip troughs, and runs down over the coils. The refrigerant is 
expanded or vaporized within the coils, thus absorbing the heat from the water 
flowing on the outside. The water, when cooled, is then pumped to a dehumidifier, 
similar to Fig. 2, through which the air to be cooled is passed. The water is then 
returned by gravity to the baudelot tank and recooled. 

A slight variation of this method of water cooling is to have all the coils sub- 
merged in a tank of water. The water is kept in continuous motion at high ve- 
locity, by a separate agitator to maintain high transmission efficiency. 

Fig. 3 shows another type of dehumidifying system in quite general use which 
consists of a number of direct expansion coils placed within the dehumidifier, the 
water being distributed over the coils as in the baudelot construction, but in this 
case the air is cooled by contact with the wetted coils and water, placed directly 
in the air stream. The simplicity of this arrangement permits of a very low initial 
cost of the installation. Brine or direct expansion is used within the coils, pref- 
erably brine. 

The condensing equipment has taken many forms, but is usually some modi- 
fication of the atmospheric, double pipe or the shell and tube condenser. In the 
atmospheric type, water is showered over the outside of the stands of connected 
piping. The double pipe system has one pipe threaded throughout a bank of 
large pipe, the joints being either welded or made up with glands. The shell and 
tube condenser may be either horizontal or vertical, open or enclosed. 

Fig. 4 shows a large steam drive, positive compression installation with double 
pipe condensers arranged in a bank on an elevated platform. The general practice 
is to locate the compressor and drive on foundations in the engine room and place 
the cooling and condensing equipment wherever convenient, connecting these units 
with pipe lines for the circulation of the refrigerating liquid and vapor. Here the 
compression and condensing units are in the engine room and the baudelot, or 
cooler surfaces, located elsewhere. 

The centrifugal compression machine is of comparatively recent origin, having 
made its first commercial appearance in 1923 in connection with air conditioning 
in the chocolate dipping room of a large candy factory in the United States. 

All the units of this system are erected in a compact assembly. The compressor 
and drive are mounted directly on the shell and tube type cooler and condenser, 
which serve as a subbase. The assembly is generally set directly on the floor. 
The compressor may be direct connected to steam turbines, which will run at their 
normal speeds. Turbines may be thus employed for all steam pressures, even as 
low as 2-lb. gage. High speed electric motors are often used to drive the com- 
pressor direct connected, also variable speed motors connected through step-up 
gears. 

The characteristics of a centrifugal compressor make it adaptable to automatic 
regulation of the cold water temperature, regardless of the load. The general 
method of doing this is by controlling the flow of cooling water to the condenser. 
This means that the consumption of condenser water is always governed by the 
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amount of refrigeration load, thus insuring the economical use of condenser water. 
Further regulation may be had by variable speed, which reduces power required at 
reduced loads. This method of regulation is particularly desirable where material 
economy cannot be effected by condenser water reduction. This is the case for 
very cheap or fixed condenser water costs, as when water is pumped from rivers or 
in cooling tower circuits. 


In the centrifugal system, the fresh spray water for the dehumidifier may be 
cooled direct in a shell and tube cooler without danger of water freezing within 
the tubes, for the reason that the centrifugal compressor tends to maintain a 
relatively constant temperature head just as the centrifugal pump tends to main- 
tain a constant hydraulic head. The capacity of the compressor automatically 
adjusts itself to the load imposed and maintains a constant temperature of the 
cooled water. 


One of the peculiarities of the refrigerants available in the centrifugal system is 
that they are solvents of oil. The cooler and condenser surfaces, being continually 
showered with the refrigerant, are thus washed and kept clean, insuring a high 
maintained heat transmission rate. However, as there is no internal lubrication 
of a centrifugal compressor, no oil is introduced into the refrigerant passages. 

The general construction of the centrifugal compressor is very much like the 
multi-stage centrifugal pump. 

Fig. 5 is a typical installation showing the water piping connections to the 
closed water circulation systems of the condenser and cold water cooler. 


Fig. 6 is a standard shell and tube cooler, showing the method of heat transfer 
from the refrigerant to the cold water and the general water and refrigerant circu- 
lations. A shell and tube condenser functions in the same manner. 


A completely centrifugal dehumidifying air conditioning installation is shown 
in Fig. 7, and a similar arrangement for a piston compression type installation 
is shown in Fig. 8. 


DISCUSSION 


L. A. Harprne: This is a very interesting paper and it is one that we needed. 
We have had very little data presented on refrigeration and I think many members 
would like to know more about refrigeration as applied to air conditioning. One 
thing that I noticed in the paper is that the horsepowers stated are based on the 
theoretical horsepower per ton of refrigeration and shows that the four refrigerating 
media mentioned give about the same results theoretically. 


Although I didn’t have an opportunity to figure it out for the temperature ranges 
stated, I imagine that air would show up as satisfactorily. The theoretical horse- 
power per ton does not give a true picture of the proposition by any means. I am 
not satisfied that the centrifugal type compressor employing the media stated would 
favorably compare with the reciprocating compressor using ammonia based on 
brake horsepower per ton of refrigeration. I would like very much to see added 
to this paper a comparison of actual tests. There are available for the ammonia 
machine the York tests on the single and doubie acting ammonia compressors 
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made a number of years ago, and there are also available some tests on CO, ma- 
chines. 

THORNTON Lewis: There is one point in connection with the comparison of cen- 
trifugal and reciprocating compressors that is made in the paper, but not emphasized 
and which I think is quite significant and should be stressed. With the centrifugal 
compressor it is not necessary to lubricate the internal surfaces; therefore, in going 
through the pipes that carry the refrigerant there is no danger of an oil or other lu- 
bricant being deposited. It seems to me that this alone is a very great advantage 
and I certainly hope that as the thoughts of our scientists progress, it may be pos- 
sible to find a new refrigerant which will allow a small compressor to be per- 
fected which will operate within reasonable speed limits. 


O. W. Armspacu: I want to concur with Professor Harding. He has taken 
most of the wind out of my sails with his discussion of the table on theoretical horse- 
powers. I regret that actual horsepowers were not given in connection with these 
theoretical data, as the actual horsepowers may be different than the tendency 
shown by the theoretical horsepowers. 

Referring to Table 2, I believe that additional data for saturation temperature 
below 80 deg. would be of value on account of the comparatively low critical tem- 
perature of carbon dioxide. 

In the author’s discussion of the baudelot cooler and dehumidifier combined, he 
states that brine is to be preferred to direct.expansion within the cooling coils. The 
use of brine, of course, requires at least 10 deg. lower gas temperatures and lower 
suction pressures, which means lower efficiencies, smaller capacities for the same 
size of equipment and increased horsepower per ton. I know of no reason why 
brine should be used in any air cooling installation. 


W. H. Carrier: There is one other question I would like to speak about. In 
air conditioning work, all your big loads where your maximum power is taken 
is carried during the summer months. It is seldom you will get water lower than 
65 deg. You cannot obtain the conditions given, 80 deg. saturation temperature 
and 70 deg. liquid temperature, with water higher than 65 deg. entering the con- 
denser. 

With carbon dioxide, if water enters the condenser at 75 deg. with counter-flow 
effect and leaves at 80 deg. there will be little or no gain in using more water. 


The point brought out with reference to the efficiencies is quite important, 
but it is very difficult to give in any table either test or practical efficiencies owing 
to the wide variation of efficiencies of types of compressors used, even with positive 
compression and efficiencies in practice rather than laboratory efficiencies which 
are apt to be still farther off. Practical efficiencies should be taken after two or 
three years of operation with normal conditions. These will differ in many cases 
considerably from initial conditions. 

Centrifugal pumps give good efficiencies. Today at our water works we do not 
use in the newer plants the positive piston type to any extent. They are centrifugal 
type and they are centrifugal type because of operating economy, not test block 
economy, although they compare very well. The centrifugal pump will give 
efficiencies in larger sizes as high as 80, and in the smaller 65 to 75. The same 
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thing is true of centrifugal compressors when designed along the same scientific 
line. The General Electric Co. are making centrifugal air compressors that 
give efficiencies based on adiabatic compression above 75% based on the actual 
working condition. Taking into account the heating up of the medium the actual, 
or mechanical efficiency, goes slightly above 80 per cent. 


The adiabatic efficiency of any compressor is not as great as it would be if it 
were not for the temperature rise of the gas in the process of compression, and that 
is a reason for lower efficiencies of any type of compressor compared with what we 
would expect in a water pump. I think we may say that the centrifugal machine 
has advantages that will be exploited by all manufacturers for the larger sizes in a 
relatively short time. 


R. W. WaTeRFILL: It is theoretically possible to obtain a very good efficiency in 
a refrigerating cycle using air. To produce such a cycle with air, however, requires 
many complications not necessary with a condensable fluid. The air cycle must be 
staged cooled during compression, refrigerative during expansion and completely 
regenerative on expansion from the high to the low pressure for any reasonable 
efficiency. This would produce a ratio of net refrigerating effect to net power con- 
sumed, comparable with the cycles using condensable vapors. The actual results, 
however, are limited by the number of stages practicable, and still further reduced by 
the efficiency of the regenerative mechanism which is additional to the usual com- 
pression mechanism. 

The actual horsepowers are very difficult to give and would lead to no end of 
controversy. Over-all efficiencies of refrigerating systems vary greatly with meth- 
ods of operation and with the condition of the equipment. Theoretical adiabatic 
powers are established by physical laws and not by manufacturers or operators. 
These laws determine the standards toward which practice must strive. 

The chemical formula for Carrene is given in the table. 


I believe the question regarding the 80 deg. minimum saturation temperature 
given in the tables has been answered. The greatest refrigerating load for de- 
humidifying and air cooling occurs during the summer months when condenser 
cooling water is hottest. A few cities near the Great Lakes have city water 
in summer at a temperature of 65 to 72 deg. fahr. A few cities are supplied 
with cold well water, others are not so fortunate. A 15 to 20 deg. condenser water 
temperature rise is usually most economical for purchased water and refrigerants 
like ammonia. 

For many air conditioning applications refrigeration would hardly be required 
when condenser saturation temperatures less than 80 deg. were obtainable. 

In regard to the statement on page 514 that brine would be preferred within these 
coils, I had in mind the avoidance of any leakage of refrigerant, which might occur 
from the coils, getting into the circulating air. 
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AIR LEAKAGE THROUGH A PIVOTED METAL 
WINDOW 


By F. C. Hoveursn! anp M. E. O’Connei? 
Pirrspuraes, Pa. 


MEMBERS 


URING the fall of 1927 an opportunity presented itself for the Research 
Laboratory of the American Socrsty or HeaTinG aNp VENTILATING 
Enornzers to make a study of air leakage through a pivoted window in 

the Grand Central Palace Bldg., Lexington Ave. and 46th St., New York City, 
during the Power Show. The set-up and the operation of the test served as an 
exhibit and demonstration of the work of the Laboratory. 


Description of Building 


The Grand Central Palace, Fig. 1, is a 12-story building, facing Lexington Ave. 
from 46th St. to 47th St., and is 270 ft. deep. The study was made in a window 
facing west, about 25 ft. from the north corner of the 4th floor. The nearest ob- 
struction to free wind movement west of this window was at a distance of approxi- 
mately 52 ft. 6 in., so that the wind had a fairly clear sweep from the northwest 
through 47th St., and this vacant space. 

The first four floors of the building were used as exhibition space in the Power 
Show and were interconnected by large open stairways. None of the floors were 
subdivided into rooms. There was little tendency, therefore, for the air leaking 
in through the windward windows to build up pressure within the room—for the 
reason that it could easily get out of the building around the large number of win- 
dows and doors on the opposite side. 

The window studied, Fig. 2, was of the hollow metal vertically pivoted type. 
Each window unit was divided into four sections by the metal frame which was 
flush with the plastered wall. The perimeter tested was 20 ft. 4 in. The joint 
between the plaster and the frame was tight and appeared to offer little oppor- 
tunity for frame leakage. The window sash was not in good shape and fitted very 
loosely into the frame without weatherstripping. 


Test Procedure 
The apparatus used and the method of conducting tests was identical with that 


1 Director Research Laboratory, A.S.H.&V.E. 

2 Research Physicist, A.S.H.&V.E., tory. 

Presented at the Semi-Annual Meeting of the AmmricaN Society or Heatine AND VenrTILaT- 
ino Enoinegrs, West Baden, Ind., June, 1928. 
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used in the Southwestern Bell Telephone Bldg., and described in an earlier Labo- 
ratory report.’ The collecting hood, the meter for measuring the leakage, the 
control valves and the exhaust blower were connected to the window as shown in 
Fig. 3. This method of application differs from that used in the investigation just 
referred to only in that tie-rods were used for drawing the hood up to the wall 
around the window instead of the brace and jack-screw used in the earlier study. 





Fic. 1. Granp CENTRAL PALACE BUILDING, LEXINGTON 
Ave. at 46TH Sr., New York, N. Y. 


Fig. 4 is a photograph of the test set-up. The window is h dden from view by 
posters and signs. 

The test manipulation was the same as that referred to in the earlier report and 
will not be repeated here. Tests were made with both natural and artificial wind 
pressures. When the leakage resulting from natural wind pressures was measured, 
the air leaking through the window into the hood and the pressure drop through the 
window were measured simultaneously for the wind prevailing at that time. The 
leakage for artificial wind pressures was measured by artificially producing a pres- 
sure drop through the window by exhausting air from the hood. 

Studies on Metal Windows in a Modern Office 5 Sens. by F. C. Houghten and 


M. E. O'Connell, Pasmeacrioes, 1928, o American Society of H&ATING AND VENTILATING ENor- 
NEERS, p. 
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Test Results 


The leakage for the natural wind pressures is given by the points z in Fig. 5, in 
which the leakage through the window in cubic feet per minute is plotted against 
the pressure drops through the window and the accompanying velocity. It will 
be noted that the highest wind velocity experienced was a little more than 10 mi. per 
hour. The test points for artificial wind pressures are plotted as circles. 


As was found in the study in the Southwestern Bell Telephone Bldg., the test 





Fic. 4. Test Set-Up anp EXHIBIT AT THE PowkER SHow, 
DecemBer 5-10, 1927 


points for natural and artificial wind pressures fall very well on the same curve, 
and it may be assumed that the curve as drawn in Fig. 5 represents the true con- 
dition of leakage for any wind velocity. . 

Table 1 gives the leakage in cubic feet per hour per lineal foot of crack around 
the window. It should be pointed out that no attempt was made to eliminate 
leakage between the plaster and frame on the one side and bottom of the window 
covered by the hood. As previously stated, however, the joint between the plaster 
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Fic. 5. RELATION oF AIR LEAKAGE To WIND 
PRESSURES AND VELOCITY 


and the frame appeared to be well sealed, and one would not expect a very large 
error due to frame leakage. The table also gives leakage for the entire area of the 
window studied; that heat loss in B.t.u. per hour required to heat the air leaking in 
from 0 to 70 deg. fahr. and the square feet of radiation required to supply this 
heat loss. 

The last column of the table gives the cost of installing radiation to take care of 
the heat loss, based upon $2 per sq. ft. installed. This would indicate that the 
application of weatherstripping and the resultant decrease in the amount of 
radiation installed would give a considerably lower first cost for the completed build- 
ing—to say nothing of the saving in heat thereafter. 

It is of interest to compare the leakage through this window, which was noticeably 
loose-fitting, with the leakage through the windows of the Southwestern Bell 
Telephone Bldg. as given in the report previously referred to. If this comparison 
is made on the basis of a 20-mile wind velocity, the unweather-stripped window in 


TABLE 1. INFILTRATION THROUGH METAL Winpow TESTED aT N. Y. Power SHow, 
GRAND CENTRAL PALACE, 1927 


Leakage, Heat Cost of 
rd 


Wind Cu. Ft. Total Loss, Radiation 
Velocity, a = Cu. Ft. —~ "a a at 
per Hr. Perimeter Fir. 070° F. Redistion PTastailed 

5 29.5 600 756 3.2 $ 6.40 
10 88.5 1800 2268 9.5 19.00 
15 144.5 2940 3710 15.5 31.00 
20 186.0 3780 4767 ° 19.9 39.80 
25 221.5 4500 5677 23.7 47.40 
30 242.0 4920 6202 25.9 51.80 
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the Southwestern Bell Telephone Bldg. leaked 120 cu. ft. per hour per foot of 
crack without weatherstripping, and 57 cu. ft. per hour per foot of crack with 

weatherstripping, as compared with 186 cu. ft per hour per foot of crack for the 
window in the Grand Central Palace Bldg. 


DISCUSSION 


E. C. Evans: I would like to ask the author if the window he had under dis- 
cussion was a poor type of window that fit irregularly or would it be considered 
as a general type of window of that construction? 


W. C. Ranpauz: The point I would like to mention about this paper is that 
apparently one window had been used and, based on the remarks of the last speaker 
there will be an inclination to use the data even though based on but one window. 
It is perfectly possible that hollow metal windows are not represented by this chart 
adequately. 

The other point is that the author has transferred the infiltration into square 
feet of radiation. 

Now, the data which he has shown would seem to indicate that he did not get 
the drop in pressure of greater than the equivalent of about 10 miles wind velocity, 
whereas the wind was actually blowing more than that, and the building in a more 
or less exposed position. 

It seems to me there has to be a better known relation between the wind velocity 
at the recording station and the drop in pressure between the outside and inside 
faces of the window before we can interpret into square feet of radiation. 


J. E. Emswitzer: Mr. Houghten has in common with the usual practice on the 
infiltration test expressed the quantities here as heat loss in B.t.u.’s per hour and 
has referred to the 70 deg. basis. We, of course, all understand that to be a figure 
upon which is based the calculation of an extra portion of radiation necessary to 
take care of that infiltration. 

The point I want to make, however, is that this heat loss item. may possibly be 
misinterpreted by some and interpreted to mean an actual loss in B.t.u.’s that is 
existing at all times. 

Now, of course, infiltration is taking place only during a relatively small per- 
centage of the total year or total heating season, and we ought to be particularly 
careful to make the point that if infiltration is cut in half, for example, it isn’t 
going to mean any extensive heat loss or heat saving, after all. 


F.C. Houcuren: Mr. Evans asked concerning the condition of the window on 
which the data reported was collected. As pointed out in the paper, the window 
is of the vertical pivoted type and in rather poor condition as regards tightness of 
fit. I believe one would expect a window in a ten-year old building to be in a rather 
poor condition, but we are not in a position to say whether or not the window tested 
is typical of those found in buildings of similar age. 

As pointed out by Mr. Randall, the data were collected on only one window 
and the importance of the findings should be discounted due to this fact. How- 
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ever, they should be of some value in indicating what may be expected under 
existing conditions in old buildings. 

There is always the question of application of a wind velocity reported by the 
Weather Bureau, to any particular building. The wind as reported by the Weather 
Bureau is probably a maximum to which some buildings are subjected, while 
most buildings are subjected to much lower wind velocities. The best that can 
be done in making a practical application at the present time is to accept the ve- 
locities reported by the Weather Bureau. 

As pointed out by Professor Emswiler, the highest wind velocities are perhaps 
never accompanied by the lowest temperatures. This is a question of paramount 
importance in applying such data as those contained in the paper, to determine 
heat loss from buildings. Such application is, however, not so much a function 
of this paper as it is of Taz Guipe Publication Committee who are wrestling with 
it in developing the chapter of heat losses from buildings. The heat loss values as 
given in the paper are primarily of value, in comparing relatively, the heat loss by 
infiltration for different types of windows and building construction. In recom- 
mending methods of applying these data in Tas Guing, it will probably be desirable 
to take some percentage of the values actually found in the test, as has been done in 
developing other tables for air leakage from laboratory data. 

In the discussion it was brought out that maximum wind velocities are met with 
over a very small proportion of the heating season and that the extra radiation 
necessary on a cold windy day to take care of infiltration, will not reflect a relative 
increase in total heating requirement for the season. This is, of course, quite 
true, but nevertheless, sufficient radiation must be installed to meet the worst 
condition, and the first cost of installing such radiation can be eliminated by cutting 
out the air leakage, In this connection, it should be pointed out that in the case 
of any window giving an excessive leakage, the first cost of installing a better 
window or leakage retarding device, is more than off-set by the reduction in cost 
of radiation. 
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THE WEATHERTIGHTNESS OF ROLLED SECTION 
STEEL WINDOWS 


By J. E. Emswiier,' anp W. C. RanpAatu? 
MEMBERS 


Information is presented in this paper on the weathertighiness of rolled section steel 
windows, as a contribution to the general subject of infiltration, and is based upon 
laboratory tests and field surveys of various types of windows of this class. Results 
show that steel windows manufactured of solid rolled sections are, on the average, more 
weathertight than wood windows, notwithstanding a rather widespread opinion to the 
contrary. Former papers presented before the Society on the subject of infiltration have 
been based chiefly upon tests of double hung wood and metal windows. (See bibliog- 
raphy at end of this paper.) 


Factors Influencing the Weathertightness of Windows 


Infiltration is dependent upon two things, viz., the leakage opening, and the 
pressure difference that causes flow. 

The leakage opening is determined by the length and width of crack between 
the fixed and movable contact surfaces. It is something that depends upon the 
type, design, manufacture and installation of the window. 

The difference in pressure between the inside and outside faces of a window is a 
function of the aerodynamic forces that prevail in and about the building. 

Outside of any frame crack that may exist, the length of the leakage opening is 
usually the total perimeter of the movable portions of the window. The double 
hung window always presents the same length of crack for leakage, viz., approxi- 
mately twice the height of the window plus three times the width. In the rolled 
section type of steel window with pivoted or swinging ventilators, the ratio cf 
ventilating area to window area is adaptable to the needs of the installation, and 
the crack length varies with the ventilation area provided. For a ventilating area 
equal to 50 per cent of the window area, the crack perimeter of a steel window 
will vary between 60 per cent and 90 per cent of the crack perimeter for double 
hung windows. 

The width of crack is dependent upon the type and construction of the window 
and eare in installation. The sidewall factory type, for instance, will be expected 
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to show a larger leakage crack than the more heavily constructed casement section 
projected window, or the more carefully designed and manufactured casement 
section residential type of window. 

Frames and ventilators distorted in shipment and handling can and should be 
readjusted into contact during installation. Examples of steel windows have been 
found in which chunks of mortar and plaster had been allowed to remain and harden 
_ on the contact surfaces and were often the cause of excessive crack widths. Cases 
have been observed of non-functioning latches and locks for clamping ventilators 
in the closed position that indicate further carelessness in installation. Better 
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results usually can be expected if the manufacturer is responsible for the installa- 
tion. 


Nomenclature of Solid Section Steel Windows 


In explanation of the terms used to describe the types of steel windows, in Tables 
1 and 2 and in the figures containing the curves the following brief definitions are 
given: 

The heavy section casement is a window manufactured of the so-called heavy 
casement sections. The leaves are hinged at the side and usually swing out. 

Heavy casement section projected is a window manufactured of the same kind 
of sections as the heavy section casement window. The ventilators swing out or in, 
and are balanced on side arms that cause the ventilators to stay put at any degree 
of opening. 

The residential casement window is of the same design, and is manufactured of 
the same shaped sections as those used in heavy section casement, but lighter in 
weight, and the swinging leaves cannot be built so large. 

The industrial pivoted window is generally employed in industrial buildings. 
The ventilators are pivoted, usually horizontally at the center or slightly above, the 
lower part of the ventilator swinging out and the upper part swinging in. 
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Commercial projected is a type of window manufactured of the same sections 
as are industrial pivoted windows, but the ventilators swing in or out and are 
balanced on side arms as do the ventilators in heavy casement section projected 
windows. + 

Architectural projected is a type of window usually manufactured of the same 
sections as commercial projected windows, except that the outside framing member 
is usually heavier, and there are refinements in the weathering and hardware, with 
the result that this window is usually used in the semi-monumental type of building 
such as schools. The ventilators swing in or out and are balanced on side arms. 


Infiltration Curves for Rolled Section Steel Windows 
The curves of Figs. 1, 2, 3, 4 and 6 show the results of laboratory tests to determine 
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leakage for various pressure differences, combined with different crack openings of 
various types of Fenestra steel windows. The tests were made in the laboratory of 
the Engineering Research Department of the University of Michigan in a window- 
testing apparatus similar to that used by the Research Laboratory of the AMERICAN 
Socrery or Heatine AND VENTILATING ENGINEERS at Pittsburgh. 

The windows tested were all of the pivoted or swinging ventilator type. The 
crack opening indicated on the curves is the thickness of shims placed between 
the weathering contacts at the swinging edge of the ventilator. For the tight closed 
condition, the contacts were adjusted to a degree representing the best that could 
readily be obtained in manufacture and installation. Fig. 5 presents some in- 
formation about the windows tested. They are also shown in Fig. 11. 

The data from which the curves are obtained are for windows covered with three 
coats of paint—the coat of shop paint applied before leaving the factory, and two 
additional coats representing usual practice in installation. Some tests made es- 
pecially to ascertain something about the effect of paint showed that the addition of 
two coats of paint over the shop coat on a heavy casement section projected 
window, reduced the leakage about 12 per cent. One coat of paint applied to a 
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Fic. 3. InpustTRIAt HorRIZONTALLY PIVOTED STEEL WINDOWS 


sidewall mullion over the coat of shop paint reduced the leakage about 15 per cent. 
In general, it can be said that painting has a considerable effect in reducing leakage 
when leakage cracks are small, but of course would have much less effect upon larger 
eakage cracks. 

The curves were obtained from tests in the laboratory, and as such, will serve to 
furnish the heating engineer some general idea of the relative merits of the different 
types of rolled section windows for various pressure differentials as expressed in 
inches of water or equivalent wind velocity. 

The curves for different crack openings show the relative values of different de- 
grees of weathering or lack of weathering of the ventilators, and are to be associ- 
ated with the data of Table 1, or other data similarly obtained. 

By means of these curves, the engineer can compare windows of the same type 
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as built by different manufacturers, based upon his knowledge of their design and 
manufacture of such windows, or upon his general experience and observation of 
such windows actually installed in buildings. Furthermore, he can compare the 
data of these curves with similar data available on wood windows, plain or weather- 
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stripped, and with double hung steel windows or with other types of windows which 
have been tested or may be tested in the future. Incidentally, the testing of 
windows based on one condition of crack opening has little value for comparisons. 
In using the data of the curves, it must be remembered that the leakage is given 
per foot of crack. The total window leakage must be figured upon the entire crack 
perimeter, to which is to be added such mullion and frame leakage, when the window 
is installed in steel, as may be determined from the curves of Fig. 6. The tests 
indicate that when steel windows are calked with mastic, as is the common prac- 
tice with residential casements, heavy section casements, heavy casement section 
projected, and possibly architectural projected, or grouted with cement, as is the 
common practice with industrial pivoted windows, the frame leakage is negligible. 
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In figuring wood windows, the frame and elsewhere leakage is to be added to the 
crack leakage to obtain the total. 

As stated above, in the steel window there will be little or none of the frame leak- 
age often found in wood windows, because the steel framing is usually installed in 
the opening with grout or mastic, and the coefficient of expansion of steel is so 
near that of building construction that the bond is maintained intact. Cracks at 
mullions and at contacts where the windows are attached to the steel framework are 
found to give negligible leakage if even ordinary care is exercised in installation. 
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Some heating engineers allow the same leakage per foot of crack at mullions and 
contacts with steel frame work, as for ventilator perimeter, but this does not seem 
justifiable in the light of the tests. Poor installation in fixed steel work represents 
less leakage per foot of crack than that from '/3:-inch crack of an industrial pivoted 
ventilator; and poor installation of mullions about one-half as much. Mastic 
is sometimes used to decrease this amount. 


Measured Crack Widths Found in Rolled Section Steel Windows 


Crack width is a quantity that is capable of being readily inspected and measured, 
and serves as a means of checking up on the manufacture and installation, whereas 
it is practically impossible to check up an installed window on any specification of 
air leakage. 

In order to ascertain what crack widths might be expected in steel windows of the 
class included in this paper, a number of measurements were made in eight build- 
ings at the University of Michigan and in a few buildings in Detroit. No attempt 
was made to examine all of the windows of a building, but only such as were readily 
accessible and in sufficient number to give fairly representative figures. Several 
types and makes of windows were measured as they were found in the building. 
The measurements are presented in Table 1. These figures, while not advanced 
as representative of steel window construction throughout the country, give some 
idea of what crack widths are found in practice. 
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TaBLE 1. Mxgasurep Crack WipTHs oF STEEL WINDOWS IN SERVICE 
qeuasiees of Tim Having Crack Width 








Building a Number of Trials at Rdecs af Lom red 
ee is 
Total Avg. 
Letter Type of Window 0.006" */a” 1/2” 1/u” %/s” 1/4” No. Crack 
A (U. of M.) Heavy section casement 7... ae, a6 ‘ 4... 68 Ya" 
B (Detroit) Residential casement 5 39 6 eee 86h 
C (U. of M.) Heavy casement section 
projected 8 12 9 7 12. 86 Bf u5"+ 
D (U. of M.) Heavy casement section 
projected 58 214 6 10 RRS 
E (U. of M.) Heavy casement section 
projected re es Ce ea 
F (U. of M.) Industrial pivoted noe 7 19 30 35 6 97 #/3"— 
G (Detroit). Industrial pivoted 16 45 46 27 11 #15 160 "/"’- 
C (U. of M.) Commercial projected eo ea ware ay oe |e 
H (U. of M.) Commercial projected et ff Fe errs ee 
I (U. of M.) Architectural 6 26 ee ee ca" + 
J (U. of M.) Architectural 6 58 13 10 6... 78 "V/x3"— 
K (U. of M.) Architectural . a? fp arr: = | en 





It is hoped that other investigators may contribute similar data on crack widths, 
so that in due time there will have been accumulated a sufficient amount of statistics 
to enable the engineer to specify maximum crack width on any given installation. 
Use of Curves in Determining Infiltration 

Guided by data like those of Table 1, an estimate of probable crack width can 


TABLE 2. CALCULATED INFILTRATION FOR VARIOUS TYPES OF WINDOWS, APPROXI- 

MATELY 4 Fr. x 7 Fr. For A PRESSURE DIFFERENCE CORRESPONDING TO A WIND 

VELociITy oF 20 MiLks PER Hour, AND FOR A VENTILATION AREA OF ABOUT 50% OF THE 
WInbDow OPENING 





Leakage Cubic Feet per Hour 





Width Crack ions Foot of Crack 

Type of Window (Chosen) Frame Sash Frame Sash Elsewhere Total 

Residential casement, Fig. 1 1/—" 20 22 None 99 None 2180 
Heavy casement, section projected, 

two ventilators, Fig. 2 1/," 22 22 None 68 #7;None 1500 
Industrial pivoted, one ventilator, 

Fig. 3 Why 22 14 None 300 None 4200 
Architectural, projected, two ventila- 

tors, Fig. 4 3/e" 22 14 None 146 None 2040 


Double hung steel, unlocked not 
weatherstripped, Houghten & 
O’Connell, Nov., 1927 JourNaL, 


Curve D, p. 650 22 26 None... --» 38420 
Double hung steel, unlocked and 

weatherstripped, Houghten & 

O’Connell, Nov., 1927 JourNnat, 

Curve B, p. 650 22 None... sae. 2D 


Wood, average, plain, uncalked 
frame, Houghten & Schrader, Feb., 
1924 JourNAL, Table 2, p. 132 dé 22 25 38.8 202 456 6350 
Wood, rib weatherstripped, Hough- 
ten & Schrader, Feb., 1924 Jour- 
NAL, Table 2, p. 132 Ge 22 25 38.8 48.5 456 2520 
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be made for any chosen type of window. Referring then to the appropriate curve 
for that type of window and using the crack width considered as representative, the 
infiltration per foot of crack for any pressure difference can be determined, and 
after the crack length has been determined, the total leakage for the window can 
be computed. 

The tests from which the curves were plotted were not carried beyond a pressure 
difference corresponding to an equivalent wind velocity of about 25 miles per hour. 
This includes the range of pressures most usually met with, and it seemed better 
to represent this range by a reasonably large scale rather than to minimize it by 
presenting results over a wider range within the same limits of space available for 
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the curves. Inasmuch as the curves become practically straight lines in the regions 
of higher values, they may be readily extended to cover extreme cases. 


As an example of the computation of leakage, and to serve somewhat as a com- 
parison among different types of windows, Table 2 has been prepared. The calcu- 
lations are for a pressure difference corresponding to an indicated wind velocity of 
20 miles per hour. Computations for a double hung metal window and for double 
hung wood windows, both weatherstripped and plain, from data available, have been 
included in this Table. 

As will be noted, the figures for double hung wood windows have been arrived at 
by using the paper by Houghten and Schrader in the February, 1924 Journat, 
instead of THe Guns, since the latter does not give the values for rib-stripped 
windows, and apparently does not include elsewhere leakage. Computations, 
based on Part I of Table 14, p. 47 of the 1928 Gurpz, would give a figure of 5880 
cu. ft. per hour for the average plain wood window with uncalked frame, and 1940 
cu. ft. per hour for the average weatherstripped wood window with uncalked 
frame. 


Pressure Difference 


The force that causes infiltration is the difference between the pressure against 
the inside face of the window and that against the outside face. It is a very com- 
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plex quantity arising out of a combination of a number of influences including the 
wind velocity and direction with respect to the window, the proximity of other struc- 
tures as they affect the wind, the temperature inside and outside, the height of 
building, the distance of the window from the ground, the interior construction 
whether single or multiple story, the freedom of air communication between stories 





Fic. 8. THe EMSwiLeR DIFFERENTIAL PRESSURE GAGE WITH 
AN ELLISON DIFFERENTIAL SLOPE GAGE MOUNTED ABOVE 


and between the room containing the window and the rest of the space on the same 
floor, and the means employed for ventilation whether mechanical or natural. 

If the wind blows directly against the face of a building, a pressure state will be 
produced greater than that which would exist there if there were no wind. The 
maximum increase of pressure is expressed approximately by the equation 


p = 0.00048 M? 
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where 7 is in inches of water and M is wind velocity in miles per hour. The 
pressufe of the wind will vary considerably over the face of the building, being 
usually greatest toward the top and in a zone midway between the corners. 

If the wind comes obliquely against a surface, the pressure will be greatest near 





Fic. 9. WINDOW WITH WooDEN FRAME IN POSITION FOR 
TESTING 


the corner that splits the wind and will diminish along the face.* Thus it would be 
possible in a building that was perfectly air tight on all sides except the one against 
which the wind is blowing obliquely, to have inflow through windows in the vicinity 
of the windward corner, and outflow through those near the leeward corner. The 
mean pressure of the wind upon a surface against which it blows at an angle may be 
roughly considered as varying with the sine of the angle, until the angle becomes 
about 10 deg. when the state changes from pressure to suction. 

6 See paper by W. C. Randall, “‘Airation of Industrial Buildings,” Taamsacvsewe or THE 
AMERICAN Society ov Hgatino AND VENTILATING ENoINEERS, Vol. 34, 1928, p. 159. 
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On sides or roof adjacent to the corners from which the wind leaps away from the 
building, there will be a suction or partial vacuum, of a magnitude of approximately 
75 per cent of the value given by the equation above for pressures. Where the 
wind blows parallel to a surface, the pressure state is neutral, that is it is equal to 
what it would be if no wind were blowing. There will be some slight suction at the 
leeward end or side of a building. 

The wind, therefore, operates to create regions of pressure or vacuum about the 





Fic. 10. Virtw SHOWING BLOWER, PRESSURE 
CoNTROL VALVE AND ARRANGEMENT FOR OPER- 
ATING THE VALVE BY REMOTE CONTROL 


exterior of a building, as compared to the normal or neutral barometric pressure 
state that would exist in those regions if the air was still. These pressures or suc- 
tions are not necessarily the forces that produce infiltration, since it is the difference 
of pressure on the inside and outside of an opening that causes flow—not the ex- 
ternal state alone. 

Other structures in the proximity of a building may greatly modify the action of 
the wind, particularly in reducing the maximum intensity of the pressure and 
suction. 

Even without any wind, a difference of temperature inside and outside will cause 
the pressure state inside to be less than that outside at the ground, and greater 
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near the roof, and inflow will occur at lower windows and outflow at upper windows.‘ 
If the building is tall and open throughout from bottom to top, or if arranged in 
stories in free communication from one to another, and if the temperature difference 
is great, the pressure difference created at a point near the ground and also at a 
point near the roof may be considerable. Thus, in a building 200 ft. high with 70 
deg. fahr. difference in temperature, this force alone causing inflow at the ground 
and outflow at the top, may easily exceed 0.20 in. of water, which is the equivalent 
of a twenty-mile wind. If the building is multiple storied and there is absolutely no 
communication between stories, then the force of temperature difference is effec- 





Fic. 11. AssEMBLY oF WinDows TESTED 


tually nullified, or rather reduced to an amount proportional to the height of a single 
story. However, there is always some communication by means of stairs and other- 
wise, so that the force of temperature difference is always operative in some degree. 

If the wind blows against a window of a building that is tightly sealed at all other 
points of possible ingress or egress of air, there will be no continuous infiltration at 
the window, because the temporary excess of pressure outside will soon be equalized 
by a momentary inflow. If the building has an outlet of exactly the same area as 
the presumed infiltration area of the window, and this outlet opens into a region of 
neutral pressure, then the pressure in the room will be half as much as that pro- 
duced by the wind outside. Infiltration will take place through the window, but 


4 See paper by J. E. Emswiler, “The Neutral Zone in Ventilation,” TRANSACTIONS OF THE 
American Soctety oF H&ATING AND VENTILATING ENcrIngERS, Vol. 32, 1926, p. 59. 
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with only half the force of the wind pressure. Something like this is what occurs 
in any building. Whatever air gets in at inflow points must eseape somewhere else. 
In order to force the air out, there must be a greater pressure inside somewhere than 
that which prevails immediately outside. The inside pressure automatically as- 
sumes a value that will give the necessary head for outflow through openings 
available, so that the outflow quantity always balances the inflow. 

A weatherstripped inside door in an apartment will effectively retard infiltration 
through windows, because it makes it more difficult for the air to get out, and thus 
automatically increases the inside pressure opposing the wind. On the other hand, 





Fic. 12. Tue Tsst IN Procsss 


an open louver or transom in the door will increase infiltration. A fan in the 
kitchen, exhausting air, will tend to increase infiltration. 

If a building is exposed to wind, a considerable part of the exterior is in a suction 
state. But it is probable that in a building not equipped with roof openings, as in 
the factory type, the interior pressure is usually higher than neutral, so that the 
force causing infiltration is less than that of the computed wind pressure. 

As between wind and temperature difference, the wind is, no doubt, the more 
powerful agent in the extreme. But in a tall building, the outflow tendency at the 
upper levels caused by temperature difference is a factor of importance operating 
to greatly reduce infiltration at the top floors. On the other hand, at the lower 
levels, the wind and temperature difference cooperate to increase infiltration. How- 
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ever, the wind is usually much less effective near the ground because of the presence 
of other structures. . 

This whole question of pressure difference is fundamental to the problem of in- 
filtration. Some excellent data on infiltration for all possible ranges of pressure 
difference are being accumulated, but much information about what pressure 
difference should be used in determining the probable amount of infiltration for any 
given case has not as yet been advanced. It would seem then that further research 
on the general subject should be directed at least in part toward this phase of the 
problem. 

While numerous factors contribute in a very complex way to determine pressure 
difference, the actual measurement of it in a building is a simple thing. What is 
needed is a recording device that can be set up in various places in different build- 
ings to operate more especially during the season of extreme weather conditions. 
The accumulation of records from a number of instruments would in time furnish 
definite information on pressure difference which, taken in conjunction with 
laboratory data now available, and crack widths guaranteed by manufacturers, 
would make it possible to definitely determine infiltration. ° 

Following a suggestion received from the paper by Messrs. Houghten and O’Con- 
nell in the November, 1927 JourNAL, a number of observations were made during 
April of this year, of the actual prevailing pressure difference as found in the 
University Hospital at Ann Arbor. These data have been taken chiefly for the pur- 
pose of ascertaining the feasibility of the plan, and represent manual observations 
for periods of about 20 minutes at each station, at one-minute intervals. The 
readings obtained do not represent extreme conditions of either wind or temperature 
difference, although on one day a wind velocity of over 20 miles per hour was re- 
corded by the anemometer at the University Observatory. Some of the averages of 
the readings are given in Table 3. 


TaBLE 3. AVERAGES OF SOME READINGS, OF PRESSURE DIFFERENCE ACROSS WINDOWS 
or University HosprraL, ANN ARBOR, AS OBSERVED ON THREE DIFFERENT Days 
AT CORRESPONDING STATIONS AT 2ND AND 6TH FLOORS 


‘ Station A Station B Station C 
Date Velocity 2nd Floor 6th Floor 2nd Floor 6th Floor 2nd Floor 6th Floor 
Apr. 17 5.3 +0.009 +0.013 +0.020 +0.003 +0.024 —0.036 
Apr. 18 11.3 +0.006 —0.007 +0.054 +0.001  +0.010 —0.037 


Apr. 19 21.0 +0.516 +0.380 +0.060 +0.037 +0.159 +0.099 


m. the above table the plus (+) sign indicates tendency for inflow, and (—) sign, 
outflow. 


The different floors of the hospital were not in open communication. The read- 
ings at Station C were taken at windows in the stairwell, and are naturally influenced 
to a greater degree by temperature difference than are those of Stations A and B. 

It will be noticed that the pressure difference varies widely, the values ranging 
all the way from —0.037 to +0.516, the latter value corresponding to an equivalent 
wind velocity of about 33 miles per hour. It is significant that in every case, except 
one in Table 3, the inflow tendency at the second floor was always greater than that 
at the sixth floor, indicating the activity of temperature difference, and probably 
also the influence of a fan ventilation system serving a part of the building. The 
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height between the second and sixth floors is about 45 ft., and the outside tempera- 
ture was about 40 deg. fahr. A recording device is being made whereby more 
extensive observations can be carried on. 

Due to the fact that there is not a constant definite relation between the difference 
in pressure between the outside and inside face of all windows and the velocity of the 
wind, as measured at some observation point, one must hesitate to use the definite 
pressure difference as being equivalent to the assumed wind velocity. This is 
particularly true if this is transferred to infiltration and in turn to B.t.u.’s. In 
other words, one cannot assume with accuracy that there is always an actual saving 
in B.t.u.’s required to heat the infiltering air comparable to the difference in leakages 
shown on the curves. 

Relation of Infiltration to Heating and Ventilation 


It is common practice, to provide additional direct heating surface to supply the 
heat necessary to warm the cold infiltrating air to room temperature and to charge 
up the installation of extra radiation and the heat consumed therein, as a loss 
attributed to infiltration. But infiltration is ventilation and, within reasonable 
limits, it would seem that this heat should be charged to ventilation. This is 
exactly what is done automatically in naturally ventilated buildings. With con- 
siderable wind, the ventilators on the windward side are closed; and inflowing air 
on that side is reduced to infiltration which then becomes the only means of venti- 
lation. The heat employed in warming the incoming air is not a loss but is charge- 
able to ventilation. In a building that is mechanically ventilated, there appears 
to be no good reason why the amount of cold air drawn in by the fan and heated up 
should not be reduced as infiltration increases on a windy day. 

Every building should have adequate ventilation which usually means exchang- 
ing inside for outside air. If a naturally ventilated building had windows per- 
fectly air tight against infiltration, some windows would then have to be opened to 
provide the necessary air for ventilation during the hours of occupancy. In a 
mechanically ventilated building it is equally true that if windows were perfectly 
air tight, the fans would have to draw in more outside air to be heated up to com- 
pensate for the loss of ventilation by infiltration. 

Steel windows, particularly some types, can be made weathertight to almost any 
practical limit desired, but in view of what has been said, there would seem to be 
no economic justification in seeking to secure too great a degree of weathertightness. 
How far it is desirable to go depends upon the service of any given building. In 
office buildings and schools, ventilation is not necessary during the hours of non- 
occupancy and infiltration then represents a heating loss, although, as has been 
pointed out, it may not represent a loss during the hours of occupancy. Ina factory 
building, which may be operated 24 hours a day, and where temperatures are usually 
lower, infiltration in moderate amounts will mean no heat loss. In dwelling houses 
and apartments, where sleeping room windows are open during the night, infiltra- 
tion in such rooms represents no loss during those hours, while in the daytime in 
cold weather, the only means of ventilation is by infiltration, of which there must 
be some; otherwise windows would have to be opened for that purpose. The point 
to be made is that infiltration in a moderate degree is in many cases a necessity, 
and not a source of heat loss, and amounts representing heat savings by reduction 
of infiltration should be considered with considerable caution. 
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Apparatus and Method of Testing 

The apparatus used in these tests is shown in Fig. 7 and is very similar to that 
developed by the Laboratory at Pittsburgh. It is built of 20-gage sheet iron over 
an angle ironframe. The chamber A is stationary, while chamber B is constructed 
upon a wheeled carriage which allows it to be easily moved back, giving access to 
the window. All of the windows that were to be tested were installed in wooden 
frames of the same over-all dimensions, so that window and frame were handled as a 
unit and could be mounted in the tester or removed quickly and conveniently. 
The wooden frame was bolted to a stationary steel frame in chamber A. This 
joint between the window and wooden frame, and that between the wooden frame 
and stationary steel member were sealed with mastic. Fig. 9 shows a window 
bolted to the stationary frame of chamber A and Fig. 11 shows an assembly of the 
windows tested and referred to in this paper. 

Care was taken to make chamber B as tight as possible. All of the fixed joints 
are welded and painted, while the joint between A and B is sealed with a soft 
sponge rubber packing. Experiment showed that chamber B was not absolutely 
air tight, but a method was developed for determining the slight leakage that did 
occur, and the corrections have been applied. 

A static air pressure equivalent to any desired wind velocity is produced in the 
pressure chamber A by a small motor blower and the air that leaks through the 
window or other construction is collected in chamber B, and, as it passes through 
the orifice C,, its volume is determined by the well-known orifice method established 
by R. J. Durley (A.S.M.E. Transactions, Vol. 27, p. 193) and others. 

The pressure drop through the orifice was determined by an extremely sensitive 
differential type of gage designed particularly for this research work. Fig. 8 illus- 
trates the Emswiler gage and suggests the principle of operation. The fixed cham-~- 
bers or cylinders on the two sides, to which are connected the rubber tubing at 
the top of the instrument, have their lower open ends dipping into liquid contained 
in corresponding cups which rest upon the pans of the sensitive balance. It will 
thus be seen that the pressure difference is virtually weighed by means of a chem- 
ical balance. The gage will respond to variations in pressure as small as 0.0002 in. 
of water. 

The pressure drop through the window was measured by an Ellison differential 
slope gage graduated to 0.01 of an inch of water. 

A slide over the intake of the blower was used as a primary control of the pressure 
drop through the window, while the pressure adjusting valve, shown in Fig. 10, 
served as a vernier regulation of the same pressure. An arrangement of rope and 
pulleys enabled the observer at the two gages to adjust and hold with ease any de- 
sired pressure drop through the window at an absolute value, while the pressure 
drop through the orifice was being determined. 

The test of each window was made by regulating the pressure controls to give the 
desired pressure drop through the window as indicated by the slope gage, and while 
this pressure was maintained by manipulation of the adjusting valve, the pressure 
drop through the orifice was determined by the sensitive differential gage. By 
repeating the test for a large number of pressure differences through the window, 
data were obtained for plotting a curve showing air leakage through the window in 
cubic feet per hour, for pressure differences in inches of water or equivalent wind 
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velocity. As readings were taken, the pressure readings of one gage were plotted 
against the pressure readings of the other and a curve constructed through the 
points. If some points did not fall on the general smooth curve, the readings of 
these points were checked by repeating that particular point. All velocities and 
volumes given in this report are for air under standard conditions of 29.92 in. of 
mercury, a dry-bulb temperature of 68 deg. fahr. and 50 per cent relative humidity. 

The authors wish to acknowledge the work of L. W. Leonhard and J. A. Grant, who 
conducted the laboratory work and made the field survey. 
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DISCUSSION 


F. H. Burxe (Writren): The paper presented by Messrs. Emswiler and 
Randall is an excellent example of practical and timely research. From first to 
last, this paper is packed with valuable data and logical conclusions, all of which 
are admirably presented. 

Mention is made of the rather widespread opinion that rolled steel sections for 
windows are less weathertight than window sections of wood. The Standard 
Radiation Estimating Table of the Heating and Piping Contractors National Asso- 
ciation tabulates the infiltration of double hung steel sash and fenestra as twice 
that of double hung wood sash. It would appear that this widespread opinion 
has, to some extent, received the stamp of authority, though I doubt that any 
engineer of experience would be misled. 

The authors’ observations regarding frames distorted in shipment and handling, 
and of steel windows with excessive crack widths due to the hardened mortar and 
plaster chunks should be given heed by architects as well as by engineers. Nor is it 
out of reason to conclude from these observations, that the engineer should inspect 
those factors outside his work which may affect the proper working of a heating 
and ventilating system, and call the architect’s attention to faulty construction. 

That portion of the paper under the heading Relation of Infiltration to Heating 
and Ventilation merits special consideration. It is to be hoped that the deduction 
set forth will bear fruit and be widely applied. Of late we have been strenuously 
advocating the insulation of walls and roofs to save heat loss. This is as it should 
be. But here we have a warning that we should not carry the stoppage of heat 
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loss to extremes by stopping altogether the infiltration loss at windows, lest we 
also stop much needed ventilation. 


At the end of the paper the Bibliography on Infiltration through Windows will 
have added value by including also the paper of Messrs. Emswiler and Randall. 


Epwin 8. Hatitetr (Writren): This paper is a valuable contribution to the 
literature now so rapidly appearing on the subject of infiltration. The table on p. 
533 especially represents a great outlay of time in compiling the data on actual 
cracks, in the various types of steel windows. 


In making use of these tables the architect and engineer will discover the wide 
variation in the crack, especially in the industrial pivoted and the commercial 
projected. This does not properly represent the present state of the manufacturing 
process but rather the product of several firms some of which do not use precise 
methods in the manufacture. Steel sash will be made tight when the demand for 
it becomes insistent. This demand must come from engineers who have learned of 
its value in other branches of research of this Society. 

The comparison of the crack leakage of steel sash with wood does not make a good 
showing for steel in the table on p. 533. The calculated infiltration of wood sash 
and rib weatherstrip is 48.5 cu. ft. per hour, the lowest reported. However attention 
should be called to the fact that steel sash has been designed generally for set- 
ting in mortar, and there is seldom any frame leakage, whereas wood frames are 
not generally calked at all. The advantages gained by steel frames set in mortar 
are more than the losses from greater crack of the steel sash as shown. Evidently 
the choice of steel or wood sash will be made upon other reasons than that of 
weathertightness. 

The paragraph devoted to the relation of infiltration to heating and ventilation 
calls for most emphatic protest. Infiltration is not ventilation. Infiltration 
whether inward or outward is injurious to ventilation and produces a loss. Ven- 
tilation places a house under fan pressure and leakage at the window in still out- 
side air increases the air delivered to the room from the fan. If a wind is blowing 
the leakage will be inward and the fan delivery will be reduced and the air dis- 
tribution in the room disturbed and the temperature reduced. Inleakage brings 
dirt, sulphur gas and the street odors, so that infiltration in any degree is a defect in 
the building construction. 

Those architects who still build vent stacks on their buildings for wasting all the 
air of ventilation will not be interested in small window cracks nor frame calking. 
The owner will however be compelled to shut it all down to save fuel. 

It is not probable that there is an inherent advantage of steel over wood or wood 
over steel in designing perfectly tight windows. The refinements of weather 
strips for wood sash has placed that temporarily in the lead, but the enterprise 
shown in steel sash industry points to the production of a sash practically perfect 
and proof against all infiltration. 


Pror. G. L. Larson: I feel that this paper is a very excellent contribution to 
our data on infiltration. We have lacked information as far as Tue Guipe is 
concerned on the matter of steel windows and especially on steel casement win- 
dows. 
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There are a number of points that occurred to me that might well be brought 
out here in order that we may make the paper a little more valuable in working it 
up for future use in THe Guipe. 

Referring to p. 534 where Table 14 of ‘Tue Gurpe 1928 is referred to, I think 
the authors will find on further investigation that Table 14 does include elsewhere 
leakage. Perhaps Mr. Houghten can check me on this: I think Table 14 also 
gives an average of interlocking and rib strip rather than just rib strip alone. 
These items are not clear in THe Guing, but I think the authors will find them 
to be true on further investigation. 

I also note that the authors make their comparisons with wood windows, not 
calked. I think it is true nowadays that practically all wood windows put in 
brick walls are calked, and it would give more nearly the right conditions of com- 
parison if comparisons had been made with calked frames set in brick walls. 

I also want to refer to the statement on the first page where the author states 
“for a ventilating area equal to 50 per cent of the window area, the crack perim- 
eter of a steel window will vary between 60 per cent and 90 per cent of the crack 
perimeter for double hung windows.” 

T think a comparison made on the basis of light area instead of ventilating area 
would bring different results. For instance, take a given window opening in a 
wall and it is decided to put in a casement window in that opening rather than a 
double hung window. In such a case I think it will be found that the perimeter 
of the crack openings for the casement window is greater than it would be for 
the double hung window. This is true for steel as well as wood casements. 

I would like to ask how the windows were closed before the tests. I got the 
impression that in each case the window was adjusted so that it fitted equally all 
around, being pressed against the space gages so that it had an equal opening 
through the entire perimeter. It has been my experience with casement windows 
that they are closed by a lock near the middle of the window and may fit very 
closely near the lock and have a very poor fit at the corners away from the lock. 

I think it would clear up the paper a little bit to have a statement as to how they 
were arranged before the tests were made. 

One other point I wish the authors had brought out a little more clearly, and 
that is, just what in their opinion and experience is the maximum crack that should 
be allowed for in designing calculations of these types of windows. I think they 
purposely avoided it and put it up to the designer to choose, but I am thinking in 
terms of the chairman of the Infiltration Committee of Taz Gu1pz as to what values 
should be used there, and that is what I am being asked so I am passing the responsi- 
bility to the authors, to develop a table that will give us results that will be workable 
for the average man that is trying to use Taz Guinn. 


J. E. Emswiter: In reference to one point that Mr. Hallett has made, viz., that 
infiltration is not ventilation: of course, it is not contended that infiltration in any 
excessive degree is ventilation, but the point that the authors have attempted to 
make is that it is not only uneconomical to attempt to reduce infiltration below a cer- 
tain point, but in many circumstances it would not be desirable to do so, even with 
the question of economy not under consideration. For instance in naturally venti- 
lated buildings, of which nearly all dwelling houses are examples, there must be some 
air let in from the outside, and the only air that gets in from the outside is by way 
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of infiltration or through the natural opening of doors, inlets and outlets, for in- 
gress and egress to the building. In fan ventilated buildings, of course, infiltration 
tends to disturb the fan system, but even there infiltration to a degree is certainly 
not harmful and so long as air gets in and does not disturb the system, it seems to me 
it is legitimate to consider it as a portion of the ventilation. 


W. C. Ranpauu: With reference to the rib type of weather stripping used in the 
comparisons, as questioned by Professor Larson, we made investigations of the 
general types of weatherstripping generally used, and we found in checking up with 
the representatives of four manufacturers that over 80 per cent of the weather- 
stripping was ribbed strip, not the interlocking strip. That is why we preferred 
to think it was a little more practical to use the ribbed strip figures. 

In reference to the calking of windows, we checked with people who make a 
specialty of calking windows in Detroit, and found that less than 10 per cent of all 
wood windows which are manufactured and installed are calked. I would say that 
in brick construction referred to by Professor Larson, if 25 per cent of the windows 
were calked, that is a very high figure at the present time. I don’t think enough is 
known of the infiltration of air through the windows that people realize the advantage 
of calking at the present time. I think the paper by Professor Larson will go a long 
way toward correcting that situation. We therefore felt it more practical] to use 
uncalked frame figures. 

With reference to the crack, and something which can be used in Toe Guipg, 
I presented a table of the typical figures as we found them. In the comparison 
which we made with other types of windows, we used a '/;:-in. crack for residential 
casements, '/s:-in. crack for heavy casement section windows, */« in. for the archi- 
tectural projected, '/1. in. for the industrial windows and I would say so far as the 
steel window manufacturers, the equivalent of that at least should be guaranteed, 
particularly if the window is installed by the manufacturer. At least that can be 
expected, and I think the figures as represented by those particular curves could be 
used with the provision possibly that the installation in the building has got to come 
within those limits of crack opening because the crack opening can be very easily 
checked to and measured. 

With reference to Mr. Hallett’s discussion on this paper, I think that he has re- 
ferred particularly to schools. After all, there is a wide general application of steel 
windows to residential and industrial conditions that are quite different than we 
normally have in the school, and while his criticism was probably perfectly in order 
in reference to schools, the authors had in mind a little broader general application 
where the point made might a little more logically be true. 

Incidentally with reference to the leakage of rolled section steel windows, I was 
talking to Mr. Hallett and they have a school in St. Louis called Lincoln School. 
It was referred to in White Sulphur in the discussion of Mr. Armstrong’s paper and 
is published information. That is this: there is less leakage in this rolled section 
steel window installation than any other in St. Louis, and incidentally, he said the 
heating equipment on that school, which is for 1800 pupils, is about the same as 
they normally use for the 1200-pupil schools. His experience, and I am sure I 
interpret it correctly, more or less consolidates the conclusions of the authors that 
despite widespread opinion and certain authorities on the subject, there is not greater 
leakage through rolled section steel windows than through wood windows. 
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EFFECT OF FRAME CALKING AND STORM 
WINDOWS ON INFILTRATION AROUND 
AND THROUGH WINDOWS 


By W. M. Ricutmann! (Member) anv C. Braarz? (Non-Member) 


Mapison, Ws. 


HE subject of infiltration has given rise to much discussion as to the amount 

i of air which finds its way into buildings through and around the windows and 

other openings. This report is the result of a series of tests which have 
been carried on at the University of Wisconsin during the past year. It is the 
first work which has been conducted under the cooperative agreement with the 
American Society oF HEATING AND VENTILATING ENGINEERS. 

These tests have been made to show the effect of calking the crack between the 
brick wall and window frame, and the effect of applying storm sash to the window. 
Each group was divided into two parts. The infiltration was determined through 
the crack for a window set in a plain 13-in. brick wall and for the same crack after 
the wall had been plastered. The storm sash was applied in two methods to a 
window which had a very small crack and clearance and to a window with a crack 
and clearance of more or less average size. 


Description of Apparatus 


The apparatus used to determine the air leakage or infiltration is very similar 
to that used in the Research Laboratory at Pittsburgh. Fig. 1 shows the location of 
the equipment with reference to the storage space for windows, doors and walls, 
and also illustrates the apparatus set up for a test run. The machine is built of 
eighteen gage galvanized iron, and consists of two main parts: the pressure chamber 
A and the collecting chamber B. Each of these chambers is fitted with an opening 
so that entrance may be had into either chamber to make adjustments after the 
two parts of the machine have been fastened to the wall. To facilitate setting up 
a wall for testing, the collecting chamber B and the orifice box C have been mounted 
on a.small four-wheel truck which can be moved back about 10 ft. from the pres- 
sure chamber on a narrow gage track upon which it operates. This provides suffi- 
cient space to place the wall between the two halves of the machine for the tests. 
Chambers A and B are fastened to the bottom of the wall by means of two eye bolts 

1 Instructor, Steam and Gas Engineering, University of Wisconsin, Madison, Wis. 

2 Instructor, Steam and Gas Engineering, University of Wisconsin, Madison, Wis. 

The results of cooperative research between the University of Wisconsin and the AMERICAN 
Society of HEATING AND VENTILATING ENGINEERS. 


Presented at Semi-Annual Meeting of the American Society oF HEATING AND VENTILATING 
Enoingers, West Baden, Ind., June, 1928. 
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hinged to the bottom side of the pressure chamber. These bolts extend through 
two holes in a channel bar which is attached to the bottom side of the collecting 
chamber and are secured by two nuts. The sides and top of the pressure and 
collecting chambers are fastened to the channels of the steel frame containing 
the wall by means of C-clamps. To insure that no air will escape from the joint 
between the steel frame and the pressure and collecting chambers, sponge rubber 
approximately 1 in. square in cross section has been attached to the lip of these 
chambers. The rubber on the collecting chamber is indicated by A, Fig. 2. 

The artificial wind pressure is produced by a small motor-driven blower, rated 
at 340 cu. ft. of air per minute against a static pressure of 3 oz. of water, which is 





Fic. 1. GgneraL Layout oF Test EQuipMENT 


connected to the pressure chamber. The pressure drop through the wall may be 
regulated by means of a damper on the inlet of the blower, a relief slide, D, and a 
sliding damper, FE, located in the connection between the blower and the pressure 
chamber. This pressure is measured by an ordinary inclined draft gage, F, the 
ends of which are connected to the pressure and collecting chambers. 

The orifice box C is fitted at one end with eight '/,-in. stud bolts equally sees 
on the circumference of an 11-in. circle, to which the orifice plates are secured by 
means of wing nuts. The orifices, varying in diameter from */s in. to 8 in., are 
accurately machined in these plates. A rubber gasket is placed between the end 
of the orifice box and the orifice plate in order to eliminate any possibility of leakage 
at that joint. 

The pressure drop through the orifice, which is the pressure differential existing 
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between the orifice box and the atmosphere is measured by a Whalen gage, G. 
The atmospheric pressure is determined from an aneroid barometer, and the rela- 
tive humidity of the air is calculated from the readings taken from a chart on the 
wet- and dry-bulb recording thermometer. These instruments are designated by 
H and J, respectively, in Fig. 1. 

The steel frames in which the walls are built were specially designed for the 
conditions which are encountered in this test. The frame is made of 15-in. channel 
iron reinforced at the corners with angles which are riveted into place. The con- 
struction was changed slightly after the first frame had been completed. Instead 





Fic. 2. MacsuiInge OPEN WITH PLASTERED WALL IN PLACE 


of the side members resting on the bottom channel which is supported by two 
ball bearing rollers, the side members were lengthened so that they rest on the 
floor, carrying the entire load of the frame arid wall. The top and bottom mem- 
bers are butted against the side members, and are riveted to reinforcing angles. 
These changes are clearly shown by comparing the wall in the machine with those 
in the storage rack, Fig. 1. Provision was made on the frame for attaching the 
moving equipment. This consists of an A frame mounted on rollers, and a single 
steering roller. The construction of the frame and method of attaching it to the 
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wall frame is shown in Fig. 1. Tightening the nuts at the two ends of channel 
iron K draws the two legs of the frame together, lifting the wall off the floor. 
The steering roller is attached at the opposite end of the wall. That end is lifted by 
a screw jack thread cut on the vertical shaft to which the steering roller is fastened. 





Fic. 3. Watt NuMBER ONE UNDER CONSTRUCTION 


This arrangement works out very well and is a very great improvement over the 
two ball bearing rollers which were placed under the first frame. The A frame is 
very stable and eliminates the chances of sudden shock which might cause cracks 
in the completed walls. 
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Description of Wall and Window 


The wall used in this series of tests is wall Number 1 of the proposed program of 
tests to be carried out at the University of Wisconsin. A box type double hung 
wood window frame, with sash 3 ft. x 6 ft. x 15/s in., was built in a section of 
13-in. brick wall. A porous type of brick commonly known as the Chicago clay 
brick and ordinary lime mortar were used for the construction of this wall. These 
materials are used very extensively for construction purposes, and it was decided 
upon as one of the combinations of masonry wall to be tested. The manner in 
which the window frame was built into the wall is shown in Fig, 3. This picture 
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was taken during the process of construction and shows the steel frame work 
which contains the wall section, the manner in which the brick are laid, and the 
small amount of mortar that was used to slush the joints between the brick. 


Provision was made for applying storm sash to the window frame after the wall 
had been placed in the machine for test. Two types of fastenings for the storm sash 
were tested: one in which the storm sash was suspended from the top of the win- 
dow frame by the ordinary hook and eye arrangement and held at the bottom by 
the arm type clamp, and the other in which the storm sash was held in place by 
four turn buttons screwed onto the window frame itself. The former type of 
fastening permits the storm sash to be opened slightly for ventilating purposes, 
while the latter does not permit any movement of the storm sash after it has 
been secured in place. 
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Fig. 4 is a cross section through the steel frame, brick wall and window frame 
showing the general type of construction of the wall under test. The first series 
of tests were run on the plain wall. A coat of gypsum base plaster was then applied 
to the wall, allowed to dry for a week, and then the second series of tests were made. 
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Fic. 5. VERTICAL SECTION THROUGH WINDOW FRAME 


Fig. 5 is a cross-section view of the head, meeting rail and sill of the window tested. 
Fig. 2 shows the type of finish used on the window after the plaster had been 
applied. 

Every precaution possible was taken to insure that the wall and window frame 
would represent conditions which would be comparable to those used in the actual 
construction of buildings. The window frame and sash were purchased from a local 
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lumber company, the sash were fitted and the brick wall laid by the service depart- 
ment of the University of Wisconsin. Any changes which were made during 
the test were done by the same department. Having the work done in this manner 
duplicated ordinary building practice very closely. 


Procedure 

The wall was placed in the machine, the machine clamped into place, and several 
preliminary runs were made to ascertain if there was any leakage through the 
various parts of the machine itself. When all of the leaks had been stopped, the 
joint between the steel frame and the brick wall was calked to insure that all the 


™ 
~ 


S 
8 


sy 
8 


PLAIN WALL 
PLASTERED WALL 
-From 1928 Guide 


Wino VeLociry Mites PER He. 


8 
R 


Pressure Deorp Treo’ Winoow IN. OF WATER 





INFILTRATION C.F-H. Pere Foor OF Crack 


Fic. 6. INFILTRATION THROUGH CRACK BETWEEN BrICK WALL AND 
Winpow FRAME 


leakage must take place through the brick, through the window frame or through 
the sash perimeter of the window. In all cases of calking adhesive tape was first 
placed over the crack and this covered with a plastic calking compound. In 
this manner the calking could be easily removed and insured against the calking 
compound entering very small cracks which could not be cleaned out when a 
duplicate test was desired. This method proved very satisfactory and was em- 
ployed during the entire series of tests. 

Test data were obtained at pressure drops through the wall corresponding to 
increments of wind velocities of 5 mi. per hour over a range from 10 to 50 mi. per 
hour, inclusive. This pressure drop was controlled by varying the amount of air 
allowed to enter the pressure chamber from the blower. Readings of the wet- 
and dry-bulb temperatures and the atmospheric pressures were taken during 
the progress of each run. The inclined gage and the Whalen gage were read 
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simultaneously for each pressure after the air conditions in the machine had sufhi- 
cient time to become stable. 

Check runs were made on each set of conditions so that the curves represent 
the average of at least six separate runs, and in some cases as many as twenty-four 
runs. After each set of two runs the window was opened and closed several times 
to insure that an average value for the window closing would be obtained. 

To obtain the infiltration through any one crack a series of runs were made to de- 
termine the total leakage through the wall and window as it was placed in the machine. 
The crack was then calked in the manner previously described and another series 
of runs were made. The actual leakage for the crack in question was determined 
by subtracting the leakage found in the second test from that in the first for a 
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given pressure drop through the wall. In this manner each leakage could be iso- 
lated and determined in the easiest manner. During the entire test care was 
taken to see that the setting of the wall was not disturbed and all calking was 
carefully inspected to insure against leaks. 


Discussion of Results 

The data taken during the tests supplied the necessary information to determine 
the leakage through the various parts of the window and wall. All infiltration 
was measured in cubic feet per minute by the orifice method. These data were 
then reduced to infiltration in cubic feet of air at standard conditions, 29.92 in. 
of mercury, 70 deg. fahr. and 50 per cent relative humidity per hour per foot of 
erack. This gives a factor which may be multiplied by the number of lineal feet 
of crack in the room for which the heat loss is to be figured. 

Fig. 6 shows the infiltration through the crack between the brick wall and the 
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window frame, A for the plain brick wall, B for the plastered wall and C is plotted 
from the data given on page 47 of the 1928 Guipz. There is a considerable re- 
duction of this leakage by plastering the wall, but all of the leakage may be stopped 
by calking the window frame in the brick wall during construction or even later 
at a very slight expense. 

The curves plotted in Fig. 7 show the infiltration through the sash perimeter of 
the window, A for the window fitted with '/s-in. crack and '/s-in. clearance, B for 
the window fitted with °/«-in. crack and 1/3:-in. clearance, and C for the average 
window from data given on page 47 of the 1928 Guipz. These curves show very 
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clearly the increase in infiltration which accompanies an increase of the crack 
and clearance. 

The curves on Fig. 8 show the infiltration through the sash perimeter of a window 
with */,-in. crack and '/s-in. clearance before and after storm sash have been 
applied. Curve A is for the window without storm sash, B for the window with 
storm sash suspended by the hook and eye arrangement, C for the window with 
storm sash fastened with four turn buttons, and D is the same as C except a felt 
strip was placed between the storm sash and the window frame. This last con- 
dition could be used to advantage where the windows are fastened by means of 
the turn buttons. 

The curves on Fig. 9 correspond to curves A, B and C of Fig. 8 except the window 
is fitted with an '/;-in. crack and '/;-in. clearance. 


The storm sash used for both series of tests was fastened so that it rested against 
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the window frame as tightly as possible. A crack of */« of an inch was left between 
the storm sash and window frame. This was considered to be a conservative 
size although some storm sash very probably have a crack which is larger than 
this. 

The infiltration through the window after the storm sash had been applied was 
figured on the basis of the sash perimeter of the window and not the perimeter of 
the storm sash. This point should be noted as there is considerable difference be- 
tween the two perimeters. 

Care was taken during the entire test that conditions in the machine would be 
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constant for a given series of runs or the check runs. As stated previously the 
window was opened and closed several times for each test to insure an average 
closing. In closing the window, the only thing that was duplicated was to have 
the meeting rails flush. No effort was made to have the lower sash resting upon 
the sill of the window frame. The machine was watched and precautions were 
taken to see that no leaks developed in the collecting chamber. The manner in 
which some of the latter test data checked, previously collected data proved that no 
leaks had developed in the collecting chamber during the time tests were made. 


Results 


The pressure drop through the wall gave artificial wind velocities of desired 
values. The tests of windows in the Southwestern Bell Telephone Co. Bldg. 
at St. Louis, as reported by F. C. Houghten and M. E. O’Connell in the November, 
1927, JouRNAL OF THE AMRICAN SOCIETY OF HEATING AND VENTILATING ENGINEERS, 
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established the fact that data collected under conditions of artificial wind pressure 
checked very closely with those taken under conditions of actual wind pressure. 
It is, therefore, reasonable to assume that the result obtained from this series of 
tests applies to conditions existing in actual buildings. 

Table 1 gives the leakage, heat loss and square feet of radiation per foot of 
crack between the brick wall and the window frame. These are average values 
from a number of test runs. 


Conclusions 
The infiltration through the crack between the brick wall and window frame is 
a very important factor in calculating the infiltration into a room. However, 


TaBLe 1. INFILTRATION IN CuBIC FgET PER HouR BETWEEN Brick WALL AND 
Winpow FraMgs PER Foor oF CRACK AND SQUARE FEET OF RADIATION NECESSARY 
to Heat Sucw LEAKAGE From 0 To 70 Dge. Fanr. 











Pian WALL PLASTERED WALL 

Wind Leaka; Heat Leakage Heat 

Velocity Cubic Loss . Cubic Loss . 
Miles Feet B.t.u. ect Feet B.t.u. ‘eet 

per Hour per Hour per Hour Radiation per Hour per Hour Radiation 

5 20.0 25.2 0.11 4.0 5.0 0.02 

10 52.0 65.5 0.27 15.0 18.9 0.08 
15 89.0 112.0 0.47 28.0 35.3 0.15 
20 127.5 160.5 0.67 44.0 55.4 0.23 
25 170.0 214.0 0.89 58.5 73.7 0.31 
30 216.0 272.0 1.13 73.0 92.0 0.38 
35 258.5 325.5 1.36 86.5 109.0 0.45 
40 302.0 380.5 1.59 100. 125.9 0.52 
45 344.5 434.0 1.81 114.0 143.5 0.60 
50 384.0 484.0 2.02 128.0 161.3 0.67 

this source of leakage can be practically eliminated by the application of some type 


of calking compound to the crack. 

The application of storm sash does not materially decrease the infiltration of a 
tight fitting window, but does give a large saving if the crack and clearance of the 
window is large. The application of a wool strip between the frame and storm sash 
reduced the infiltration appreciably. 

The storm sash applied by means of the four turm buttons reduced the infil- 
tration much more than those applied by means of the hook and eye suspension 
alTrangement. 

The infiltration through the crack between the brick wall and window frame for a 
plastered wall is about 40 per cent of that through the same crack on a plain wall. 
This leakage may be as great as the leakage through the sash perimeter of the 
window. 

Data on runs which duplicate previous tests made at the Research Laboratory 
check very closely with the data from that laboratory. 


DISCUSSION 


L. B. Lent (WritrEN): I would like to call attention to a statement at the top 
of p. 551, which statement might be misleading to some not well acquainted 
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with construction work. This statement is as follows: “A porous type of brick 
commonly known as the Chicago clay brick and ordinary lime mortar were used 
for the construction of this wall. These materials are used very extensively for 
construction purposes, and it was decided upon as one of the combinations of 
masonry wall to be tested.” 

It is hardly true that this type of construction is used very extensively and, there- 
fore, does not represent anything except a very small part of the brick construction 
done in this country. 

In the first place, Chicago brick are used almost entirely within the Chicago 
district. Brick produced in all other states are very largely consumed in a local 
market. 

Lime mortar is not recommended or used where the better type of construction is 
required. In this case either cement mortar or cement mortar with a small part 
of added lime is the preferred kind. It might be well to recall that the investi- 
gation at the University of Wisconsin is not yet completed, and that the full pro- 
gram was intended to discover the effect of what might be called the extremes of 
brick quality, Kind of mortar and grade of workmanship. 

The test reported in the paper merely represents the poorest grade of these three 
factors. It should not, therefore, be taken to represent what might be called an 
average grade of brick masonry, although there is no such thing as an average 
grade. The paper might well mention these facts and further state that further 
investigation will, no doubt, show that with better grades of brick, mortar and 
workmanship the resulting infiltration might be materially reduced. 

It is also a fact that in better construction, window frames are usually set in 
mortar all around and calked at the same time. 


E. C. Evans: I want to ask if the wall that is going to be continued in the test 
was built by an ordinary brick layer or whether particular attention was paid to the 
mortar that was placed when the wall was being built. I think this is most im- 
portant. The curves show it, to compare with Tae Guipg. We find that same 
factor coming up. I think particular attention should be paid to that. It 
ought to be built at present, and then similar curves made, go through the same 
items of test, repeated after the wall was torn down, and another wall built by the 
same man, but supervised for the amount of mortar used. Definite records should 
be made of what the difference was, calking costs, together with cost of extra 
mortar, extra labor, and time, for only in that way will we get information that we 
can put back through the Committee of the American Institute of Architects. Let 
that come back for the benefit of those who have to build houses. 


E. K. Campspetit: Continuing that same thought, I want to bring out this fact: 
that there is one factor that can never be determined in the laboratory; that is, 
shrinking of wood frames from 4 brick wall. In one instance in Kansas City 
it took half a bale of cotton to fill the crack after the building was 10 or 15 years 
old. The statement has been made that most buildings are having the windows 
calked. That is not true in the Kansas City territory. 

W. C. Ranpati: I want to refer to one statement on p. 557. “It is there- 
fore reasonable to assume that the result obtained from this series of tests applies 
to conditions existing in actual buildings.” 
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There are two points involved, as I see it. First of all, as Mr. Campbell in his 
discussion has indicated, the authors have not taken into account the expansion 
and shrinkage of the wood windows in actual installation over a period of time. 
I think certain cracks develop in wood windows that probably are not common 
to a relatively new window in test conditions. 

The second point that I again want to emphasize, is that they have run the 
pressures up to the equivalent of fifty-mile wind velocities, and the evidence which 
we and others have obtained would indicate that such pressures are not normally 
found and are probably much lower than that. A great deal more work has to be 
done to properly evaluate the drop in pressure to approximate actual conditions. 


W. M. Ricutmann: In reply to Mr. Evans’ question on the construction of 
the wall, the window frame and storm sash were bought at a local lumber com- 
pany, the brick from the local brick dealer, and the work was done entirely by the 
service department of the University of Wisconsin. This department does all the 
repair work around the university, and I believe is practically what you might 
call ordinary or common labor; the fact that the wall was to be used for testing 
did not change the kind of workmanship. 

As time goes on we may find that leakage will develop from the shrinkage of the 
window frame and sash. This wall is going to be put in the storage rack and 
tested from time to time as the work proceeds. This is merely the result of our 
first year’s work, and a good many things can’t be brought out which may come 
up with the time element. 

Mr. Campbell’s question of shrinkage: that again is rather hard to determine 
in this first test, due to the fact that the window is stored in a building and is not 
subjected to outside weather conditions. It is a new window and consequently a 
certain time must elapse to give the frame and sash an opportunity to shrink. 

In reply to Mr. Randall’s statements we have found from the other men working 
on infiltration tests that we are carrying the curves into too high a range and in- 
tend in the following work to reduce our high pressures and get more data at the 
pressures which seem to be those under which the windows are subjected. Of 
course, it is rather hard, as was brought out in the previous papers, to know what a 
15-mile wind velocity as recorded by the Weather Bureau is going to be in connec- 
tion with the window itself; and we have merely tried to follow the practice as used 
in THe Guide and reduce our results to the same basis so they may be used in the 
future Guipg Tables. 
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HEATING AND VENTILATING PROBLEMS OF GAS 
CELL MANUFACTURE FOR AIR-SHIPS 


By D. E. Humpnrey,! Agron, Oxto 


MEMBER 


VERY new industry or process of manufacture brings forth new and un- 
K; expected problems, and so it was the manufacture of air-ships brought with 
it new and interesting problems to the heating and ventilating engineer. 
There were many heating and ventilating problems in connection with air-ship 
manufacture, but this article is devoted to those encountered in the manufacture of 
the gas cells. 


All lighter-than-air craft, such as the Los Angeles, are kept afloat by helium or 
hydrogen gas cells. Instead of having all the gas in one large cell, these mammoth 
ships are generally built with 16 to 20 such gas bags. The Los Angeles has 13. 
If one gas cell should be punctured, only a part of the buoyancy is lost, and the 
leaky cell may even be repaired while in flight. 

The cigar-shaped hull of the rigid air-ship is not gas-tight. It contains the neces- 
sary compartments for the gas cells, runways, gasoline tanks, crew’s quarters and 
so forth. The hull is built of rubber cloth, stretched over a duralumin structural 
frame. It must withstand the wind pressure, rain, ice and heat, and maintain 
the shape of the ship and carry the load. It is, like the casing of an automobile 
tire, designed for strength, wear and durability while the gas cells are like the 
inner tube of the automobile tire, designed to hold the gas. These gas cells are 
the vital part of the air-ship. They are made with great care by highly skilled 
workers, and of the most gas-proof substance obtainable. 

Most people think of rubber or rubber-covered cloth as being gas-tight, but it is 
not tight enough to hold helium or hydrogen for long periods of time, without 
loss or dilution by osmosis. Gas cells are built of very light, high-grade, rubber- 
coated cotton cloth as a base, on which is applied a layer of goldbeaters’ skin. This 
in turn is covered with a coating like varnish, for preservation and protection. 

Goldbeaters’ skin is the outer lining of the large intestine or caecum of an ox. 
This transparent, tough animal membrane is removed by the meat packers from 
the most suitable cattle, preserved in salt and shipped to the air-ship manufacturer. 
The name goldbeaters’ skin was given to this membrane by the ancient gold workers 


1 Engineer, Goodyear Tire & Rubber Co., Akron, Ohio. 
Presented at the Semi-Annual Meeting of the American Socigty oF HgaTING AND VENTI- 
LATING Enocingers, West Baden, Ind., June, 1928. 
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of King Solomon’s time, who used it as a sack in which they enclosed their gold dust, 
while they beat the gold into a solid mass, preparatory to making their jewelry. 

Goldbeaters’ skins are about 30 in. long and 8 in. wide. It takes about sixteen 
of them to lay a square yard of gas cell. It required over a million of them for 
such a ship as the Los Angeles. It is a huge task to prepare and lay all these 
skins. Many workers are required, and a large room is necessary, where these 
cells can be stretched out and where they can be inflated for inspection and testing. 
Scrupulous cleanliness is necessary, as a small piece of grit is apt to puncture a skin 
and cause a leak in a gas cell. After an extensive preparation, the skins are pieced 
together by hand, laid wet and dried in place on the rubber cloth. 

The goldbeaters’ skin room, as it is called, must be kept as near 70 deg. fahr. as 
possible. The relative humidity must not go above 65 per cent or the treated skins 
will not dry properly. The room must be ventilated with a dustless air supply 
in order that healthy working conditions may be maintained, and so that moisture 
from the drying goldbeaters’ skins will be removed. 

It is with the heating and ventilating problems of the goldbeaters’ skin room 
with which this paper deals. 

This room contains 28,000 sq. ft. of floor and roof area and its volume is about 
450,000 cu. ft. The walls are of brick with steel sash windows. The floor is built 
of two by fours packed on edge. These are covered with tar paper and then 
surfaced with matched maple. The roof consists of 2-in. matched sheeting, covered 
with asphalt roofing. 

In order to prevent the infiltration of dirty air, all cracks in the windows, walls, 
roof and around the floors were calked with okum and then puttied tight. The 
walls and ceilings were painted, and the floor covered with canvas. It might be 
thought that such a room is air-tight but a great deal more air passes through 
such floors and walls than even ventilating engineers are accustomed to believe. 
It was desirable to have this room under slight pressure, in order to prevent the 
infiltration of dusty air. A ventilating system was built which supplied 30,000 
cu. ft. of air per minute. The air was drawn in from the outside and filtered through 
a specially designed cloth filter to remove the dust and dirt. It was then heated 
by steam coils at the fan intake and delivered to the room through a long overhead 
distributing duct. 

It is difficult to imagine any commercial dust collector or air filter which cleans 
the air which passes through it so completely that no dust particles could be detected 
in it. Clean air as applied to dust collection is therefore a relative term which is 
used to represent a satisfactory degree of cleanliness. 

For instance, a dust separator such as used on the exhaust of a foundry tumbling 
barrel might separate enough dust from the air to be satisfactory for the conditions 
around a foundry, but it would be entirely inadequate for the air supply to a gold- 
beaters’ skin room. The air supplied to the goldbeaters’ skin room has been de- 
scribed as dustless. This was interpreted to mean the separation of all gritty 
dust particles and a very large percentage of the very fine black or lint which 
causes discoloration on a light object in front of the air discharge. 


The air filter which was designed and built is a large affair, consisting of about 
17,000 sq. ft. of cloth stretched over 160 V-shaped frames. These screens are 
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erected in an upright position, forming a rectangular filter enclosing the fan, heater 
and mixing dampers. This filter in turn is enclosed within a plenum chamber, 
to which air is admitted from the outside. At weekly intervals the fan is shut down 
and the screens cleaned with a special vacuum cleaner tool. The results from the 
filter are quite satisfactory. 

The heat losses of the room are taken care of by direct radiation and the tem- 
perature of the air supplied by the ventilating system is regulated in order to 
warm the air in cold weather and to control the humidity in the room. This is 
accomplished by a duct thermostat, which controlled a set of mixing dampers, 
also a room thermostat, which controls the steam supplied to the heating coils. 

Arrangements are made to cut in or out either one of these temperature con- 
trolling systems so that the one best suited to meet the conditions wanted could 
be used. 

As no provisions were made to remove the air from the room, and as this room 
was made as tight as possible, there was a question as to whether 30,000 cu. ft. of 
air per minute would find its way out through the painted brick walls, asphalt 
papered floor and roof, without building up an internal pressure. Preparations 
were made to install ventilators on the roof, in order to relieve the pressure, if 
necessary. 

When the fan was started, a hole was bored through the window sash and the 
pressure between the inside and outside of the room was taken on a water gage, 
which read to the hundredth of an inch. This gage showed an internal pressure 
of not to exceed two one-hundredths of an inch. This of course was so small that 
no roof ventilators were necessary. 


The 30,000 cu. ft. of air per minute gives an air ‘change in the room once every 
15 min. which is sufficient to remove the moisture from the drying goldbeaters’ 
skins, to keep the air pure and also to keep the relative humidity below 65 per cent 
during the cooler weather. 


When the room was designed, dehumidification by refrigeration was considered. 
It was found that an air conditioning system for a room of this size and character 
would be very expensive. An estimate of the contemplated work of building gas 
cells showed that it would be completed before the hot, humid days of summer 
arrived. It was therefore decided to rely on temperature control and air change 
to maintain a humidity of less than 65 per cent, and the air conditioning plant 
was not installed. 


As it happened, the work extended beyond the estimated time, and warm weather 
came before the job of laying goldbeaters’ skins was completed. The temper- 
atures of the air at Akron, O., are seldom too high for the work, but when the 
summer sun shown on the roof, the heat transmitted through the asphalt roof was 
estimated to be between 600,000 and 700,000 B.t.u. The 15-min. air change 
was not enough to remove this heat, and the room became too warm and the hu- 
midity went above the point where goldbeaters’ skins would dry properly. It was 
then necessary to devise some means of disposing of the heat transmitted through 
the roof after it had entered the room, or some way of eliminating it, or preventing 
it from entering the room. 


A thermometer inserted in the hot asphalt of the roof read 140 deg. fahr., but 
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when a piece of wet cotton was placed over the bulb of this thermometer, it dropped 
to a point not much above the wet-bulb temperature. This experiment showed 
the possibility of reducing the solar heat transmitted through the roof by wetting 
the roof. It was decided to install a system of water sprays on the roof in order to 
cool it when the sun shone. 

Spray nozzles similar to those used in the air washer, but of a larger size were 
spaced so they would wet the entire roof over the goldbeaters’ skin room. The 
excess water from these nozzles ran down the eavespouts. Of course the drop in 
temperature which was secured by wetting the roof would depend on the relative 
humidity of the air, the wind and certain other conditions which effect evaporation. 
The reduction in roof temperature was sufficient. The heat transmission through 
the roof was cut down so that the work of building gas cells could be completed. 
One spray nozzle wet about 500 sq. ft. of roof satisfactorily, and the expense of 
installing them was small compared to roof insulation or additional equipment for 
removing the heat after it had once entered the room. 

The experience with the manufacture of gas cells for air-ships has demonstrated 
in a practical way three things which are of interest to the heating and ventilating 
engineer, namely: 

1. The efficiency of a properly designed cloth filter for separating the dust 
from the air of a ventilating system. 

2. The passage of air through floors, walls and roof of a building which was 
supposed to be air-tight. 

3. And the use of water sprays to wet the roof of a building to reduce the 
heat transmitted through the roof. 


DISCUSSION 


J. M. Ross (Writren): Mr. Humphrey is to be complimented for the straight 
line thinking that caused him to solve his problem as he describes. 

In the matter of filters, however, if he had investigated those of the rotary 
type, I think that he would have found a solution that would require less housing, 
and less labor cost, to maintain. Probably, also, the initial cost would be less. 

His use of a vacuum cleaner to clean his filter screens is particularly admirable. 

A better appreciation of the value of proper vacuum cleaner equipment in ven- 
tilation work would greatly benefit the entire industry. At present, the general 
notion of the value of an adequate vacuum cleaner application, in ventilation 
results, has received too little attention. 

If the use of water to flood the roof, in order to reduce summer temperatures, 
were measured, the publication of the quantity required, for a given cooling effect, 
might encourage a wider use of such applications. 

The report of the amount of air leaking through building construction, after 
unusual effort had been made to stop leakage, is especially interesting. 

In checking ventilation applications in well-constructed school buildings, I have 
found that the leakage approximated as high as nine air changes of contents per 
hour, under about the same pressures. 
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Mr. Humphrey’s study, as to air leakage, emphasizes the importance of the 
recommendation that J. A. Donnelly has been making, for many years, that each 
building that is heated be calibrated for its leakage and other heat losses. More 
studies of this nature would materially increase our knowledge of the true relation 
between cause and effect in many of the things that occur in heating and ven- 
tilating practice. 

Until a definite answer can be given to the question “How much air does the 
building leak?” all of our assumptions as to a given heating and ventilating 
result are mere assumptions. This alone will account for much of the differences 
of opinion as to various methods to produce a given effect. 

Control of air pressures within a structure is essential to the maintenance of 
uniform temperatures. Leakage studies, such as Mr. Humphrey’s, are of greater 
importance and value than such studies as are now being made of the leakage with 
various types of windows. In this assertion, there is no lack of appreciation of the 
value of the work that has been done, of this nature, or of the work that is now going 
on. All this work is of great value. But there are many other items that affect 
air leakage in buildings. And such studies as Mr. Humphrey’s reports are neces- 
sary to discover these items. 

When such studies are made, and their results are more generally understood, 
consulting engineers will form new conceptions ofthe value of unit ventilators, 
and of corridor venting, which is successful only with unit ventilation. 


L. L. Lewis: I would like to have the privilege of congratulating Mr. Hum- 
phrey on discovering a most ingenious way of getting out of a difficulty, and a 
most interesting description of it. It seems it is the solution of these little problems 
that form the other part of our compensation for our work and make it a real 
pleasure. 

I find in reading the paper, however, the impression may be gained that the 
results obtained with this system were comparable with those which might have 
been obtained with the more expensive system of dehumidification with refrig- 
eration. 

There are two general methods by which temperatures and humidities may be 
maintained: First, is with a humidifying system in which certain cooling is obtained 
with evaporation. Summer temperatures are limited to those which can be 
obtained with evaporative cooling. Such a system would in this plant have main- 
tained something like a maximum temperature of ninety degrees with a relative 
humidity of 65 per cent. This maximum temperature would be reached only 
during the real hot days during the summer. As the weather moderated lower 
temperatures would be maintained until finally seventy degrees would be reached. 
With the other system, refrigeration and dehumidification, a constant temperature 
of 70 deg. fahr. could be maintained throughout the entire summer. 

Naturally with the inside at 70 deg. fahr., and the outside considerably higher, 
an inward radiation would take place, and, therefore, the air conditioning equip- 
ment, the fan and the duct system, would have to be somewhat larger than the 
evaporative cooling system, and naturally the addition of refrigeration to such a 
system would make it considerably more expensive. 

I do not believe that such a system would have been warranted in this case be- 














568 TRANSACTIONS AMERICAN Society oF HEATING AND VENTILATING ENGINEERS 


cause there are not many products, not many processes for which an absolutely 
uniform temperature is demanded. 

The filter, which I think I know, is a very difficult one to handle. The cloth 
can be made to do better cleaning than any other device that we know. A good 
felted cloth is the only thing that I know of with which smoke can be removed. 
But it is an extremely awkward thing to handle, and I can well imagine that the 
space limitations of this particular installation had no little to do with the design 
that was finally decided upon. 

However, where an extreme degree of cleanliness is demanded, I believe that it 
has been found that the place for the filter is on the discharge side of the fan. 
In that case air leakage would be outward instead of inward as with the apparatus 
used. There are necessarily cracks in this filter chamber just as there were in the 
room so that there would be an infiltration of uncleaned air due to the suction 
of the fan. 

To put such a filter on the discharge side of the fan requires a large space. Some 
air is lost, but it is lost in the proper direction. 

I would like again to say to Mr. Humphrey that I enjoyed his paper very much 
indeed. 

D. E. Humpurey: This design of filter or the method by which we kept our 
humidities and temperatures down is not offered as a substitute for air conditioning. 
For this particular job the methods described gave satisfactory results. I do not 
agree with Mr. Lewis that the discharge side of the fan is always the best location 
for a cloth filter. Better distribution of the air over the cloth is generally secured 
when the filter is on the suction side. 

I have in mind a lamp-black filter installation where leaks in a pressure filter 
would be objectional, while if the filter was under suction, no objectionable black 
would escape. In sand-blast dust filters, as well as in case of the goldbeaters’ skin 
room filter, which I have just described, it would seem to me preferable to have 
the filter under suction. 
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